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DESCRIPTION 
ENDLESS TUBULAR POLYIMIDE FILM 

TECHNICAL FIELD 
The present invention relates to an improved non-conductive 
or semi-conductive seamless tubular polyimide film and a 
production method therefor. The semi -conductive seamless tubular 
polyimide film is used, for example, as an intermediate transfer 
belt and the like in an electrophotographic system for use in a 
color printer, color copier, etc, 

BACKGROUND OF THE INVENTION 

It is well known that a non-conductive tubular polyimide 
film is generally processed into a belt form to be used, for 
example, as a belt for conveying heated materials and a fixing 
belt for use in an electrophotographic system. 

Moreover, a semi -conductive tubular polyimide film 
comprising conductive carbon black mixed and dispersed in a non- 
conductive tubular polyimide film is used as an intermediate 
transfer belt for use in, for example, copiers, printers, 
facsimiles, and presses. 

It is known that such non-conductive and semi-conductive 
tubular polyimide films are prepared by forming a predetermined 
film-formation starting material into a flat film, and jointing 
both ends of the flat film to form a tubular shape; or by forming 
a predetermined film-formation starting material into a seamless 
tubular film by centrifugal casting in a single step. Japanese 
Unexamined Patent Publication No. 2000-263568 filed by the 
applicant of the present application discloses performing 
centrifugal casting under substantially no centrifugal force to 
form a tubular shape. 

In general, a solution of polyamide acid (or polyamic acid) 
with high-molecular-weight (a number average molecular weight: 
usually about 10000 to about 30000), i.e., a polymer precursor of 
a polyimide, is used as a film-formation starting material for 
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such tubular polylraide films. 

More specifically, the polyamic acid solution is produced 
by polycondensation of aromatic tetracarboxylic dianhydride and 
an equimolar amount of aromatic diamine in an organic polar 
5 solvent at low tenperatures at which no imidization occurs. 
Examples of the aromatic tetracarboxylic dianhydride include 
1, 2, 4, 5-benzene tetracarboxylic dianhydride, 3, 3' , 4 , 4 ' -biphenyl 
tetracarboxylic dianhydride, 3, 3' , 4, 4 ' -benzophenone 

tetracarboxylic dianhydride, 2, 3, 6, 7 -naphthalene tetracarboxylic 

10 dianhydride, etc., in which the anhydride groups are point- 
symmetrically arranged. Examples of aromatic diamines include p- 
phenylenediamine, 4, 4' -diaminodiphenylether, 4,4'- 

diaminodiphenylme thane, etc . 

The method for producing a polyimide film ordinarily 

15 comprises three steps: preparing a polyamic acid solution as a 
film-formation starting material; forming this into a polyamic 
acid film; and imidizing the formed film. 

However, a polyamic acid solution obtained by the 
preparation steps described above is disadvantageous in that a 

20 partial gel is likely to be gradually formed during storage due 
to the pot life thereof. Such partial formation of gel is likely 
to occur at high temperatures, but it proceeds with time even at 
low temperatures. Thus, even when the gel formation is negligible, 
it is a matter of course that the physical properties of the 

25 . finished polyimide film prepared from such a solution are 
adversely affected and, in addition, the flatness of the film is 
diminished. In particular, the addition of conductive carbon 
black to the polyimide film leads to an increase in the variation 
of electrical resistance. 

30 Moreover, since the solubility of polyamic acid resins in 

an organic polar solvent is limited, it is difficult to form a 
solution containing a high concentration thereof (at most 25% by 
weight in terms of the nonvolatile matter content in a solution) . 

In some cases, the addition of carbon black to the polyamic 

35 acid solution sharply increases viscosity, which makes it 



difficult to grind the carbon black by the impulsive force 
generated between the balls in a dispersing apparatus such as a 
ball mill. In order to uniformly dispersing carbon black in a 
polyamic acid solution, pulverizability of carbon black with a 
disperser and the interfacial phenomenon referred to as "wetting" 
of carbon black disintegrated by a solvent are required. 
Therefore, a large amount of organic polar solvent is added to 
uniformly disperse the carbon black. As a result, however, the 
nonvolatile matter content in the obtained masterbatch solution 
containing a high concentration of carbon black is as low as 16% 
by weight or less. 

Furthermore, a solution containing a low concentration of 
polyamic acid has drawbacks in that a thicker film is difficult 
to form in a single step, and in that since a larger amount of 
solvent is required, the period of time for removing the large 
amount of solvent by evaporation is prolonged. 

Because the three steps described above are included in the 
polyimide film preparation method, the entire process requires 
considerable time and cost. Thus, there is room for improving 
efficiency and cost. 

Japanese Unexamined Patent Publication No. 10-182820 
discloses a film-formation method using a polyimide precursor 
composition comprising as a main component a monomer having a 
mixture of aromatic tetracarboxylic acid component comprising as 
a main component .asymmetric aromatic tetracarboxylic acid and/or 
ester thereof (specifically 60 mol% or more of 2, 3, 3' 4' -biphenyl 
tetracarboxylic acid and/or ester thereof) and an approximately 
equimolar amount of an aromatic diamine component. Moreover, 
Japanese Unexamined Patent Publication No. 10-182820 discloses a 
method for forming a polyimide film by applying a polyimide 
precursor composition to a glass plate by pouring the same 
thereon and then heating the result (raising the temperature 
stepwise in the range of 80°C to 350**C), and also discloses using 
the polyimide film as an electrically conductive paste by the 
addition of silver powder, copper powder, carbon black, etc. 



However, a semi-conductive polyimide film obtained by the 
above-mentioned film formation method has further room for 
improvement in its properties, such as electrical resistance, 
etc., when it is used as an intermediate transfer belt or the 
like in an electrophotographic system for use in color printers, 
color copiers, etc,, which are requiring high accuracy in recent 
years. 

DISCLOSURE OF THE INVENTION 
The present invention aims, considering the above-described 
problems of the prior art, to provide a high-quality electrically 
non-conductive or electrically semi-conductive seamless 
(jointless) tubular polyimide film and a method for producing the 
same in a simple, efficient and economical manner. 

The inventors of the present invention carried out 
intensive research so as to solve the above problems and finally 
found that a high-quality seamless tubular polyimide film can be 
obtained by rotationally molding a mixed solution substantially 
in a monomeric state comprising a mixture of an aromatic 
tetracarboxylic acid component comprising a specific amount of 
asymmetric aromatic tetracarboxylic acid and/or ester thereof and 
a specific amount of symmetric aromatic tetracarboxylic acid 
and/or ester thereof and an approximately equimolar amount of an 
aromatic diamine component, to form a tubular shape, and 
imidizing the. tubular material by heating. 

More specifically, the present invention provides the 
following non-conductive or semi-conductive seamless tubular 
polyimide films. 

Item 1. A seamless tubular polyimide film, comprising polyimide 
having at least two aromatic tetracarboxylic acid components 
having a mixture of 15 to 55 mol% of asymmetric aromatic 
tetracarboxylic acid component and 85 to 45 mol% of symmetric 
aromatic tetracarboxylic acid component and at least one aromatic 
diamine component, the seamless tubular polyimide film having a 



yield stress (oy) of at least 120 MPa and having a tensile 
strength to yield stress ratio (acr/av) of at least 1.10. 



Item 2. A semi-conductive seamless tubular polyimide film, 
wherein carbon black is dispersed in polyimide having at least 
two aromatic tetracarboxylic acid components having a mixture of 
15 to 55 mol% of asymmetric aromatic tetracarboxylic acid 
component and 85 to 45 mol% of symmetric aromatic tetracarboxylic 
acid component and at least one aromatic diamine component, the 
serai-conductive seamless tubular polyimide film having a surface 
resistivity of 10^ to 10^^ Q/sq. 

Item 3. A semi -conductive seamless tubular polyimide film 
according to Item 2, wherein 

a log standard deviation of surface resistivity is 0.2 or 
smaller, 

a log standard deviation of volume resistivity is 0.2 or 
smaller, and 

a difference between a log surface resistivity and a log 
volume resistivity is 0.4 or smaller. 

The invention has the above-described properties, and 
further encompasses the following first, second, third and fourth 
embodiments . 

A. First Embodiment 
The inventors of the present invention found that a high- 
quality electrically semi-conductive seamless tubular polyimide 
film can be obtained by rotational molding of an electrically 
semiconductive polyimide precursor composition in which a 
specific amount of carbon black is dispersed in a mixed solution 
substantially in a monomeric state having a mixture of an 
aromatic tetracarboxylic acid component comprising a specific 
amount of asymmetric aromatic tetracarboxylic acid and/or ester 
thereof and a specific amount of symmetric aromatic 
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tetracarboxylic acid and/or ester thereof and an approximately 
equimolar .amount of an aromatic diamine component, to form a 
tubular shape, and imidizing the tubular material by heating. 

The inventors have conducted further study based on this 
5 finding and accoiqplished the following invention (hereinafter 
referred to as the ''first embodiment") • 

The first embodiment provides the following electrically 
non-conductive or electrically semi -conductive seamless tubular 
polyimide films and production methods therefor. 
10 Item 4, A method for producing a seamless tubular polyimide film, 
comprising: 

rotationally molding a mixed solution substantially in a 
monomeric state having a mixture of an aromatic tetracarboxylic 
acid component comprising 15 to 55 mol% of asymmetric aromatic 
15 tetracarboxylic acid and/or ester thereof and 85 to 45 mol% of 
symmetric aromatic tetracarboxylic acid and/or ester thereof and 
an approximately equimolar amount of an aromatic diamine 
component, to form a tubular shape, and 

imidizing the tubular material by heating. 

20 

Item 5. Pi method for producing a semi-conductive seamless tubular 
polyimide film, comprising: 

mixing an aromatic tetracarboxylic acid component 
comprising 15 to 55 mol% of asymmetric aromatic tetracarboxylic 
. 25 acid and/or ester thereof aod 85 to 45 mol% of symmetric aromatic 
tetracarboxylic acid and/or ester thereof and an approximately 
equimolar amount of an aromatic diamine component, to form mixed 
solution substantially in a monomeric state, 

dispersing 1 to 35 parts by weight of carbon black in the 
30 mixed solution, per 100 parts by weight of a total amount of the 
aromatic tetracarboxylic acid component and the aromatic diamine 
component, to form a semi-conductive monomer mixed solution, 

rotationally molding the semiconductive monomer mixed 
solution to form a tubular shape; and 
35 imidizing the tubular material by heating. 
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Item 6. A semi -conductive seamless tubular polyimide film for use 
in an intermediate transfer belt in an electrophotographic system 
produced by a production method of Item 5. 

5 

B, Second Embodiment 
The inventors of the present invention carried out 
intensive research to solve the above problems and finally found 
that an electrically semi -conductive seamless tubular polyimide 

10 film with uniform electrical resistivity can be obtained by 
heating an aromatic tetracarboxylic acid derivative and an 
aromatic diamine to substantially undergo partial 
polycondensation, thereby yielding a mixed solution conprising an 
aromatic amic acid oligomer (number average molecular weight: 

15 about 1000 to about 7000); mixing electrically conductive carbon 
black in the mixed solution; rotationally molding the mixture; 
and imidizing the resultant. The inventors have conducted further 
study based on this finding and accomplished the following 
invention (hereinafter referred to as the ''second embodiment") . 

20 More specifically, the second embodiment provides the 

following electrically semi-conductive aromatic amic acid 
compositions and production methods therefor, and electrically 
semiconductive seamless tubular polyimide films and production 
methods therefor. 

25 

Item 7. A semi-conductive aromatic amic acid composition 
comprising: 

an aromatic amic acid oligomer obtained by polycondensation 
of at . least two aromatic tetracarboxylic acid derivatives and an 
30 approximately equimoiar amount of at least one aromatic diamine; 

carbon black; and 
an organic polar solvent. 

Item 8. A semi -conductive aromatic amic acid composition 
35 according to Item 7, wherein the aromatic amic acid oligomer is 
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obtained by polycondensation of at least two aromatic 
tetracarboxylic ' dianhydrides and an approximately equimolar 
amount of said at least one aromatic diamine in an organic polar 
solvent at about SO^'C or lower. 

5 

Item 9. A semi -conductive aromatic amic acid composition 
according to Item 8^ wherein said at least two aromatic 
tetracarboxylic dianhydrides are 15 to 55 mol% of asymmetric 
aromatic tetracarboxylic dianhydride and 85 to 45 mol% of 
10 symmetric aromatic tetracarboxylic dianhydride. 

Item 10. A semi-conductive aromatic amic acid composition 
according to Item 7, wherein the aromatic amic acid oligomer is 
obtained by polycondensation of at least two aromatic 
15 tetracarboxylic acid diesters and an approximately equimolar 
amount of said at least one aromatic diamine in an organic polar 
solvent at about 90 to about 120*^0. 

Item 11. A semi^conductive aromatic amic acid composition 
20 according to Item 10, wherein said at least two aromatic 
tetracarboxylic acid diesters are 15 to 55 mol% of asymmetric 
aromatic tetracarboxylic acid diester and 85 to 45 mol% of 
symmetric aromatic tetracarboxylic acid diester. 

25 Item 12. A semi -conductive aromatic amic acid composition 
according to Item 1, wherein a number average molecular weight of 
the aromatic amic acid oligomer is about 1000 to about 7000. 

Item 13. A semi-conductive aromatic amic acid composition 
30 according to Item 7, wherein carbon black is present in an amount 
of about 3 to about 30 parts by weight per 100 parts by weight of 
a total amount of aromatic tetracarboxylic acid component and 
organic diamine. 

35 Item 14. A method for producing a semi-conductive seamless 
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tubular polyimide film, comprising: 

rotationally molding a semi-conductive aromatic amic acid 
composition according to Item 7; followed by heating. 

5 Item 15. A semi-conductive seamless tubular polyimide film for 
use in an intermediate transfer belt in an electrophotographic 
system produced by a production method according to Item 14. 

Item 16. A method for producing a semi-conductive aromatic amic 
10 acid composition comprising; 

subjecting at least two aromatic tetracarboxylic acid 
derivatives and an approximately equimolar amount of at least one 
aromatic diamine to partial condensation polymerization in an 
organic polar solvent, thereby yielding an aromatic amic acid 
15 oligomer solution; and 

uniformly mixing electrically conductive carbon black 
powder with the oligomer solution. 

C. Third Embodiment 

20 The inventors of the present invention carried out 

intensive research to solve the above problems and finally found 
that excellent dispersion stability of carbon black is achieved 
in a mixed solution obtained by mixing a high-molecular-weight 
polyimide precursor solution or a high-molecular-weight 

25 polyamideimide solution in a nylon salt monomer solution obtained 
by dissolving at least two aromatic tetracarboxylic acid diesters 
and an approximately equimolar amount of at least one aromatic 
diamine in an organic polar solvent. Moreover, the inventors 
found that a semi-conductive seamless tubular polyimide film 

30 having uniform electrical resistivity can be obtained by 
rotationally molding an electrically serai-conductive polyimide- 
based precursor composition, obtained by unifomly mixing the 
above mixed solution and carbon black, and imidizing the 
resultant. The present invention is accomplished by further 

35 applying these findings (hereinafter referred to as the "third 
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embodiment") . 

More specifically, the third embodiment provides the 
following electrically semi -conductive polyimide-based precursor 
compositions and production methods therefor, and electrically 
5 semi-conductive seamless tubular polyimide-based films and 
production methods therefor. 

Item 17". A semi-conductive polyimide-based precursor composition, 
wherein carbon black is uniformly dispersed in a mixed solution 

10 prepared by mixing a high-molecular-weight polyimide precursor 
solution or high-molecular-weight polyamideimide solution in a 
nylon salt monomer solution in which at least two aromatic 
tetracarboxylic acid diesters and an approximately equimolar 
amount of at least one aromatic diamine are dissolved in an 

15 organic polar solvent. 

Item 18. A semi-conductive polyimide-based precursor composition 
according to Item 17, wherein said at least two aromatic 
tetracarboxylic acid diesters are 10 to 55 mol% of asymmetric 
20 aromatic tetracarboxylic acid diester and 90 to 45 mol% of 
symmetric aromatic tetracarboxylic acid diester. 

Item 19. A semi-conductive polyimide-based precursor composition 
according to Item 17, wherein said at least two aromatic 
25 tetracarboxylic acid diesters are 10 to 55 mol% of asymmetric 
2,3,3'/4'-biphenyl tetracarboxylic acid diester and 90 to 45 mol% 
of symmetric 3, 3\ 4, 4' -biphenyl tetracarboxylic acid diester. 

Item 20. A semi-conductive polyimide-based precursor composition 
30 according to Item 17, wherein the high-molecular-weight polyimide 
precursor solution is a polyamic acid solution whose number 
average molecular weight is 10000 or larger and the high- 
molecular-weight polyamideimide solution is a polyamideimide 
solution whose number average molecular weight is 10000 or larger. 
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Item 21. A semi-conductive polyimide-based precursor composition 
according to Item 20, wherein the polyamic acid solution whose 
number average molecular weight is 10000 or larger is produced by 
reaction of diaminodiphenyl ether and an approximately equimolar 
5 amount of biphenyltetracarboxylic dianhydride in an organic polar 
solvent. 

Item 22. A semi-conductive polyimide-based precursor composition 
according to Item 20, wherein the polyamideimide solution whose 
10 number average molecular weight is 10000 or larger is produced by 
reaction of acid anhydride comprising trimellitic acid anhydride 
and benzophenone tetracarboxylic dianhydride and an approximately 
equimolar amount of aromatic isocyanate in an organic polar 
solvent. 

15 

Item 23. A method for producing a semi-conductive seamless 
tubular polyimide film, comprising: 

rotationally molding a semi-conductive polyimide-based 
precursor composition according to Item 17, to form a tubular 
20 shape; and 

imidizing the tubular material by heating. 

Item 24. A semi -conductive seamless tubular polyimide-based film 
for use in an intermediate transfer belt in an 
25 electrophotographic system produced by a production method 
according to Item 23, whose surface resistivity is 10^ to lO" 
Q/sq. 

Item 25. A method for producing a semi-conductive polyimide-based 

30 precursor composition, comprising: 

mixing a high-molecular-weight polyimide precursor solution 
or high-molecular-weight polyamideimide solution in a nylon salt 
monomer solution in which at least two aromatic tetracarboxylic 
acid diesters and an approximately equimolar amount of at least 

35 one aromatic diamine are dissolved in an organic polar solvent to 
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prepare a mixed solution/ and 

uniformly dispersing carbon black in the mixed solution. 

D. Fourth Embodiment 
5 The inventors of the present invention carried out 

intensive research to solve the above problems and finally found 
that a high-concentration electrically semi-conductive polyimide 
precursor composition with excellent dispersibility of carbon 
black can be obtained by uniformly dispersing carbon black in an 

10 organic polar solvent to give a carbon black dispersion and 
dissolving aromatic tetracarboxylic acid diester and an 
approximately equimolar amount of aromatic diamine in the carbon 
black dispersion. The inventors also found that an electrically 
semi-conductive seamless tubular polyimide film with uniform 

15 electrical resistivity can be obtained by rotationally molding a 
high-concentration electrically semi -conductive polyimide 
precursor composition, followed by imidizing. The present 
invention is accomplished by further applying these findings 
(hereinafter referred to as ''fourth embodiment") . 

20 More specifically, the fourth embodiment provides the 

following high-concentration electrically semi-conductive 
polyimide precursor compositions and production methods therefor, 
and electrically semi-conductive seamless tubular polyimide films 
using the same and production methods therefor. 

25 • . 

Item 26. A method for producing a high-concentration semi- 
conductive polyimide precursor compositionr comprising: 

uniformly dispersing carbon black in an organic polar 
solvent to give a carbon black dispersion and 

30 dissolving aromatic tetracarboxylic acid diester and an 

approximately equimolar amount of aromatic diamine in the carbon 
black dispersion. 

Item 27. A method for producing a high-concentration semi- 
35 conductive polyimide precursor composition according to Item 26, 
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wherein the aromatic tetracarboxylic acid, diester is a mixture of 
10 to 55 mol% of asymmetric aromatic tetracarboxylic acid diester 
and 90 to 45 mol% of symmetric aromatic tetracarboxylic acid 
diester. 

5 

Item 28. A method for producing a high-concentration semi- 
conductive polyimide precursor composition according to Item 26, 
wherein the aromatic tetracarboxylic acid diester is a mixture of 
10 to 55 mol% of asymmetric 2,3,3' ,4'-biphenyl tetracarboxylic 
10 acid diester and 90 to 45 mol% of symmetric 3, 3' , 4, 4' -biphenyl 
tetracarboxylic acid diester. 

Item 29. A method for producing a high-concentration semi- 
conductive polyimide precursor composition according to Item 26, 
15 wherein carbon black is present in an amount of 5 to 35 parts by 
weight per 100 parts by weight of a total amount of the aromatic 
tetracarboxylic acid and the aromatic diamine. 

Item 30. A high-concentration semi -conductive polyimide precursor 
20 composition produced by a production method of Item 26. 

Item 31. A method for producing a semi -conductive seamless 
tubular polyimide film, comprising: 

rotationally molding a high-concentration semi -conductive 
25 polyimide precursor composition according .to Item 30, to form a 
tubular shape; and 

imidizing the tubular material by heating. 

Item 32. A semi -conductive seamless tubular polyimide film for 
30 use in an intermediate transfer belt in an electrophotographic 
system produced by a method according to Item 31, whose surface 
resistivity is lO"' to 10" Q/sq. 



35 



DETAILED DESCRIPTION OF INVENTION 
. Hereinafter, the present invention is described in detail 
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in ''A. First Embodiment" ''B. Second Embodiment" '^C. Third 
E^odiment" and ''D, Fourth Embodiment". 

A. First Embodiment 
5 A-l, Seamless tubular polyimide film 

The seamless tubular polyimide film (hereinafter sometimes 
referred to as ''tubular PI film") of the present invention is 
obtained by using a specific aromatic tetracarboxylic acid 
component and a specific aromatic diamine component as starting 
10 materials. Specifically^ the electrically non-conductive tubular 
PI film of the invention is obtained by using a specific aromatic 
tetracarboxylic acid component and a specific aromatic diamine 
component as starting materials, and the electrically semi- 
conductive tubular PI film of the invention is obtained by using, 
15 in addition to the above starting materials, a predetermined 
amount of carbon black (hereinafter sometimes referred to as 
''CB") so as to impart conductivity. 

Aromatic tetracarboxylic acid component 

20 A mixture of an asymmetric aromatic tetracarboxylic acid 

component (at least one member selected from the group consisting 
of asymmetric aromatic tetracarboxylic acids and esters thereof) 
and a symmetric aromatic tetracarboxylic acid component (at least 
one member selected from symmetric aromatic tetracarboxylic acids 

25 and esters thereof) is used as the aromatic tetracarboxylic acid 
component starting material. 

Examples of asymmetric aromatic tetracarboxylic acids 
include: 

compounds in which four carboxyl groups are bound non- 
30 point-symmetrically to a monocyclic or polycyclic aromatic ring 
system (e.g., benzene nucleus, naphthalene nucleus, biphenyl 
nucleus, and anthracene nucleus) ; and 

compounds in which four carboxyl groups are bound non- 
point-symmetrically to two monocyclic aromatic rings (e.g., 
35 benzene nuclei) linked by a group such as -CO-, -CH2- or -SO2-, or 
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by a single bond. 

Specific examples of asymmetric aromatic tetracarboxylic 
acids include 1, 2, 3, 4-benzenetetracarboxylic acid, 1,2,6,7- 
naphthalenetetracarboxylic acid, 2 , 3 , 3 ' , 4 ' - 
5- biphenyltetracarboxylic acid, 2, 3,3', 4'- 

benzophenonetetracarboxylic acid, 2, 3, 3' , 4' -diphenyl ether 
tetracarboxylic acid, 2, 3, 3' , 4' -diphenylmethanetetracarboxylic 
acid, and 2,3, 3' , 4' -diphenylsulfonetetracarboxylic acid. 

Examples of asymmetric aromatic tetracarboxylic acid esters 

10 for use in the present invention include diesters of such 

asymmetric aromatic tetracarboxylic acids (i.e., half esterified) . 
Specific examples thereof include compounds in which two of the 
four carboxyl groups of the asymmetric aromatic tetracarboxylic 
acid are esterified with one of each pair of adjacent carboxyl 

15 groups on an aromatic ring being esterified. 

Examples of the two esters of such asymmetric aromatic 
tetracarboxylic acid diesters include di (lower alkyi) esters, and 
preferably di(Ci-3 alkyl) esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 

20 Among such asymmetric aromatic tetracarboxylic acid 

diesters, 2,3,3' ,4' -biphenyltetracarboxylic acid dimethyl esters 
and 2,3,3' ,4' -biphenyltetracarboxylic acid diethyl esters are 
preferable, with 2,3, 3' , 4' -biphenyltetracarboxylic acid dimethyl 
esters being particularly preferable. 

25 Asymmetric aromatic tetracarboxylic acid diesters as above 

are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by a known 
method of reacting the corresponding asymmetric aromatic 
tetracarboxylic dianhydride with the corresponding alcohol (e.g., 

30 lower alcohol, preferably C1-3 alcohol) at a molar ratio of 1:2. 
By such a method, the acid anhydride, which is a starting 
material, reacts with the alcohol and thereby undergoes ring 
opening, providing a diester (half esterified) having an ester 
group and a carboxyl group on respective adjacent carbons on an 

35 aromatic ring. 
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Examples of symmetric aromatic tetracar boxy lie acids 
include: 

compounds in which four carboxyl groups are bound point- 
symmetrically to a monocyclic or polycyclic aromatic ring system 
5 (e.g., benzene nucleus, naphthalene nucleus, biphenyl nucleus, 
and anthracene nucleus) ; and 

compounds in which four carboxyl groups are bound point- 
symmetrically to two monocyclic aromatic rings {e.g., benzene 
nuclei) linked by a group such as -CO-, -0-, -CH2- or -SO2-, or by 

10 a single bond. 

Specific examples of symmetric aromatic tetracarboxyiic 
acids include 1,2, 4, S-benzenetetracarboxylic acid, 2,3,6,7- 
naphthalenetetracarboxylic acid, 3, 3' , 4, 4' - 
biphenyltetracarboxylic acid, 3, 3' , 4, 4' -benzophenone 

15 tetracarboxyiic acid, 3, 3' , 4, 4' -diphenyl ether tetracarboxyiic 
acid, 3^3',4,4'-diphenylmethanetetracarboxylic acid, and 
3, 3S 4, 4 ' -diphenylsulfonetetracarboxylic acid. 

Examples of symmetric aromatic tetracarboxyiic acid esters 
for use in the present invention include diesters of such 

20 symmetric aromatic tetracarboxyiic acids (i.e., half esterif ied) . 
Specific examples thereof include compounds in which two of the 
four carboxyl groups of the symmetric aromatic tetracarboxyiic 
acid are ester if ied with one of each pair of adjacent carboxyl 
groups on an aromatic ring being esterif ied. 

25 Examples of the two esters of such symmetric aromatic 

tetracarboxyiic acid diesters include di (lower alkyl) esters, and 
preferably C1-3 alkyl esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 
Among such symmetric aromatic tetracarboxyiic acid 

30 diesters, 3, 3' , 4, 4' -biphenyltetracarboxylic acid dimethyl esters, 
3, 3' , 4, 4' -biphenyltetracarboxylic acid diethyl esters, and 
2,3,5, 6-benzenetetracarboxylic acid dimethyl esters are 
preferable, with 3, 3' , 4, 4' -biphenyltetracarboxylic acid dimethyl 
esters being particularly preferable. 

35 Symmetric aromatic tetracarboxyiic acid diesters as above 
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are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by reacting 
the corresponding symmetric aromatic tetracarboxylic dianhydride 
with the corresponding alcohol (e.g., lower alcohol, preferably 
Ci-3 alcohol) at a molar ratio of 1:2. By such a method, the acid 
anhydride, which is a starting material, reacts with the alcohol 
and thereby undergoes ring opening, providing a diester (half 
esterified) having an ester group and a carboxyl group on 
respective adjacent carbons on an aromatic ring. 

The mixing ratio for asymmetric and syrrenetric aromatic 
tetracarboxylic acids and/or esters thereof is specified such 
that the proportion of asymmetric aromatic tetracarboxylic 
acid(s) and/or ester (s) thereof is about 15 to about 55 mol% (and 
preferably about 20 to about 50 mol%) and the proportion of 
symmetric aromatic tetracarboxylic acid{s) or ester (s) thereof is 
about 85 to about 45 mol% (and preferably about 80 to about 50 
mol%) . It is particularly preferable to use about 20 to about 50 
mol% of asymmetric aromatic tetracarboxylic acid diester (s) and 
about 80 to about 50 mol% of symmetric aromatic tetracarboxylic 
acid diester (s) . 

The combined use of such symmetric and asymmetric aromatic 
tetracarboxylic acid conponents is essential for the following 
reasons. Use of only symmetric aromatic tetracarboxylic acids 
and/or esters thereof induces crystallization of a polyimide film 
and thereby causes powderization of the film during heat 
treatment, which thus cannot achieve film formation. Although use 
of only asymmetric aromatic tetracarboxylic acids and/or esters 
thereof achieves the formation of a seamless tubular PI film, 
such an obtained film has inferior yield stress and elastic 
modulus, and, when used as a rotational belt, it suffers from 
problems such as low driving responsiveness and early elongation 
of the belt. 

In contrast, the combined use of aromatic tetracarboxylic 
acids and/or esters thereof at a mixing ratio as above achieves 
extremely high film-forming capability (formability) , and 
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provides a semi-conductive seamless tubular PI film having high 
yield stress and elastic modulus. 

Further/ the addition of an asymmetric aromatic 
tetracarboxylic acid and/or ester thereof presumably causes a 
polyamic acid molecule to bend, thereby irparting flexibility. 

The effects of the coexistence of asymmetric and symmetric 
aromatic tetracarboxylic acids and/or esters thereof are most 
apparent when they are mixed at a ratio as specified above. 

Aromatic diamine component 

Examples of aromatic diamine components include compounds 
having two amino groups on a single aromatic ring (e.g., benzene 
nucleus ) , and compounds having two amino groups in which two or 
more aromatic rings (e.g., benzene nuclei) are linked by a group 
such as -0-, -S-, -CO-, -CH2-, -SO- or -SO2-, or by a single bond. 
Specific examples thereof include p-phenylenediamine, o- 
phenylenediamine, m-phenylenediamine, 4, 4' -diaminodiphenyl ether, 
4,4' -diaminodiphenyl thioether, 4, 4' -diaminodiphenylcarbonyl, 
4,4'-diaminodiphenylmethane, and 1, 4-bis {4-aminophenoxy) benzene. 
Among these, 4, 4' -diaminodiphenyl ether is particularly 
preferable. Use of such an aromatic diamine component allows the 
reaction to proceed more smoothly, and provides a film having 
greater toughness and higher heat resistance. 

25 Organic polar solvent 

An aprotic organic polar solvent is preferable as an 
organic polar solvent used for a substantially monomeric mixed 
solution. Examples thereof include N-raethyl-2-pyrrolidone 
(hereafter referred to as ''NMP"), N,N-dimethylformamide, N,N- 
30 diethylformamide, N,N-dimethylacetamide, dimethylsulf oxide, 

hexamethyiphosphoramide, and 1, 3-dimethyl-2-imidazolidinone. Such 
solvents may be used singly, and a mixed solvent of two or more 
such solvents can also be used. NMP is particularly preferable. 
The amount of organic polar solvent is set to about 65 to about 
35 300 parts by weight (preferably about 80 to about 230 parts by 
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weight, and more preferably about 100 to about 200 parts by 
weight) per 100 parts by weight of the total amount of the 
aromatic tetracarboxylic acid component and the aromatic diamine 
component (starting materials) . 

Carbon black (CB) 

In producing the semi-conductive tubular PI film of the 
invention, CB powder is used in addition to the above-described 
components for the purpose of imparting electrical resistance 
characteristics. The reason for using CB powder is that, compared 
with other known conducting materials such as metals and metal 
oxides, CB exhibits excellent dispersibility as well as excellent 
stability (change over time after mixing and dispersion) in a 
prepared monomer mixed solution, and does not have any adverse 
effects on polycondensation. 

There are various kinds of CB powder with various 
properties (electrical resistance, volatile content, specific 
surface area, " particle diameter, pH value, DBP oil absorption, 
etc.) depending on the source (natural gas, acetylene gas, coal 
tar, etc.) and production conditions (combustion conditions). CB 
powder having a developed structure with a high conductivity 
index (typically, CB powder produced by using acetylene gas) is 
capable of providing a desired electrical resistance even when a 
comparatively small amount thereof is added, however, its 
dispersibility upon mixing is inferior. With respect to oxidized 
CB powder having low pH and CB powder with high volatile content, 
although their conductivity indices are not high and a relatively 
large amount must be added to achieve a desired electrical 
resistance, their dispersibility and storage stability are 
excellent, and a belt having uniform electrical resistance can be 
obtained more easily therefronu 

Such conductive CB powder usually has a mean particle 
diameter of about 15 to about 65 nm. When used, for example, for 
electrophotographic intermediate transfer belts for color 
printers, color copying machines or the like, CB powder having a 
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mean particle diameter of about 20 to about 40 nm is particularly 
preferable. 

Examples thereof include channel black and oxidized furnace 
black. Specific examples include Special Black 4 {pH 3, volatile 
content 14%, particle diameter 25 nm) and Special Black 5 (pH 3, 
volatile content 15%, particle diameter 20 nm) , manufactured by 
Oegusa Corporation - 

CB powder is added preferably in an amount of about 1 to 
about 35 parts by weight (and preferably about 5 to about 25 
parts by weight) per 100 parts by weight of the total amount of 
the aromatic tetracarboxylic acid component and the aromatic 
diamine component, which are starting materials for a mixed 
solution in a substantially monomeric state. 

The purpose of using CB powder in such an amount is to 
provide the film with volume resistivity (Q-on) (VR) and surface 
resistivity (Q/sq) (SR) in a semi-conductive range. The lower 
limit is set at not less than about 1 part by weight because at 
least this amount is necessary to obtain sufficient conductivity. 
The upper limit is set at not more than about 35 parts by weight 
for the purpose of lowering the resistance and maintaining 
formability to thereby prevent the film properties from 
deteriorating. 

Preparation of monomer mixed solution 

A film-formation mixed solution in a substantially 
monomeric state (hereinafter sometimes referred as ''monomer mixed 
solution") is prepared by mixing specific amounts of aromatic 
tetracarboxylic acid component, aromatic diamine component, and 
organic polar solvent. The difference between the non-conductive 
tubular PI film and semi -conductive tubular PI film of the 
present invention is whether CB powder is contained, and the* 
monomer mixed solutions, which are staring materials therefor, 
are prepared under the same conditions in both cases. The 
preparation procedure is not specifically limited. This is 
because, unlike when highly reactive aromatic tetracarboxylic 
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dianhydrides are used, the aromatic tetracarboxylic acid 
components for use in the present invention do not substantially 
react with the diamine components at low temperatures (e.g., 30 

to 40 "^C or less), which is an advantage in the preparation of a 
5 monomer mixed solution. 

The monomer mixed solution is prepared by mixing and 

dissolving, in an organic polar solvent, an aromatic 

tetracarboxylic acid component as above and an aromatic diamine 

component as above at such a mixing ratio that they are in 

10 approximately equimolar amounts. These components are monomers, 
and are thus easily dissolvable in an organic polar solvent. 
Accordingly, they can be uniformly dissolved at a high 
concentration, and the obtained solution can be maintained in a 
substantially monomeric state. The present invention uses such a 

15 monomer mixed solution as a starting material. 

Approximately equimolar amounts herein provide a mixing 
ratio at which the polycondensation reaction of an aromatic 
tetracarboxylic acid component with an aromatic diamine component 
smoothly proceeds and a desired high-molecular-weight polyiirdde 

20 can be obtained. A substantially monomeric state herein means 
that almost all the components in the mixed solution are in a 
monomeric state. The monomer mixed solution may contain a small 
amount of low-molacular-weight polycondensate such as oligomer, 
within a range that the present invention is not adversely 

25 affected. 

The amount of organic polar solvent is set to about 65 to 
about 300 parts by weight (preferably about 80 to about 230 parts 
by weight, and more preferably about 100 to about 200 parts by 
weight) per 100 parts by weight of the total amount of the 

30 aromatic tetracarboxylic acid component and the aromatic diamine 
component (starting materials) . Because the monomers can be 
easily dissolved in an organic polar solvent as above, a mixed 
solution in a substantially monomeric state thus produced 
provides the advantage that the amount of solvent can be 

35 minimized. 
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Examples of methods for preparing a monomer mixed solution 
are described hereinafter. 

According to a first example, symmetric and asymmetric 
aromatic tetracarboxylic acid components in mol% as specified 
above are first mixed and dissolved in an organic polar solvent. 
An aromatic diamine component approximately equimolar to the 
total of these aromatic tetracarboxylic acid components is then 
added to this solution while stirring and uniformly dissolved 
therein, giving a film-formation monomer mixed solution. 

According to a second example, a solution of a specified 
amount of symmetric aromatic tetracarboxylic acid component and 
an approximately equimolar aromatic diamine component, and a 
solution of a specified amount of asymmetric aromatic 
tetracarboxylic acid component and an approximately equimolar 
aromatic diamine component are prepared separately. The solutions 
are then mixed at such a ratio that the two aromatic 
tetracarboxylic acid components are each in mol% as specified 
above, giving a film-formation monomer mixed solution* 

According to a third example, specified amounts of 
symmetric and asymmetric aromatic tetracarboxylic acid components 
are added to an organic polar solvent simultaneously with an 
aromatic diamine coit^onent, providing a uniform monomer mixed 
solution. 

The monomer mixed solution for use in the invention may be 
a high-concentration solution having a nonvolatile content of 
about 45% by weight (particularly about 30 to about 45% by 
weight), unlike conventional polyamic acid solutions having a 
maximum nonvolatile content of about 25% by weight. "Nonvolatile 
content" as used herein means a content measured by the method 
described in the Examples. Use of such a high-concentration 
monomer mixed solution leads to a speedy polymerization reaction, 
thereby enabling the reduction of film formation time. Further, a 
thick film can be readily produced, and, because only a small 
amount of solvent is required, costs can be reduced and the 
evaporative removal of solvent can be simplified. 
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Additives such as imidazole compounds (e.g., 2- 
methylimidazole, 1, 2-diraethylimidazole, 2-methyl-4- 
methylimidazole, 2-ethyl-4-ethyliraidazole, and 2-phenyl imidazole) 
and surfactants (e.g., fluorosurfactants) can be added to the 
5 monomer mixed solution, within ranges that the effects of the 
present invention are not adversely affected. 

A semi-conductive monomer mixed solution obtained by 
dispersing carbon black in a monomer mixed solution is used in 
the production of a semi-conductive tubular PI film. The method 

10 for mixing CB powder in a monomer mixed solution is not limited, 
and stirring or like known method can be employed. A ball mill is 
preferably used for stirring, whereby a film- formation semi- 
conductive monomer mixed solution having CB uniformly dispersed 
therein can be obtained. 

15 Carbon black is used, as described above, in an amount of 1 

to 35 parts by weight, and preferably 5 to 25 parts by weight, 
per 100 parts by weight of the total amount of the aromatic 
tetracarboxylic acid component and the aromatic diamine component. 

20 A-2. Method for producing seamless tubular polyimide film 

Hereinafter, a process of forming a tubular PI film using a 
monomer mixed solution or semi-conductive monomer mixed solution 
as prepared above is described. Although the below-described 
process uses a monomer mixed solution, a process using a semi- 

25 conductive monomer mixed solution may be performed in the same 
manner. 

Rotational molding using a rotating drum is employed for 
this formation process. First, a monomer mixed solution is 
introduced into a rotating drum and uniformly cast over the 
3D entire inner surface. 

The method for introduction/casting may be such that, for 
example, a monomer mixed solution in an amount sufficient to 
provide the desired final film thickness is introduced into a 
rotating drum while stationary, and the rotational speed is then 
35 gradually raised to an extent that centrifugal force is generated. 



so that the solution is cast uniformly over the entire inner 
surface by the centrifugal force. Alternatively, 
introduction /casting may be performed without using centrifugal 
force. According to one possible method, a horizontally elongated 
slit-like nozzle is arranged inside a rotating drum^ and, while 
slowly rotating the drum, the nozzle is rotated (at a speed 
greater than the drum rotational speed) . The film-formation 
monomer mixed solution is uniformly ejected from the nozzle over 
•the entire inner surface of the drum. The drum is mounted on 
rotating rollers, and is rotated indirectly by the rotation of 
the rollers. 

A far-infrared radiation heater or the like is arranged 
around the drum, and heating is carried out indirectly by such an 
external heat source. The size of the drum depends on the size of 
the desired semi-conductive tubular PI film. 

Heating is first carried out so that the inner surface of 
the drum is gradually heated to about 100 to about 190 ^'C, and 
preferably to about 110 to about 130 °C (first heating step). The 
rate of heating is about 1 to about 2 °C/min. This temperature is 
maintained for 30 to 120 minutes, so that approximately half or 
more of the solvent is volatized, and a self-supporting tubular 
film is thereby formed. Although imidization requires a 

temperature of 280 **C or higher, if heating is carried out at such 
a high tenperature from the beginning, the polyimide becomes 
highly crystalline, which adversely affects the CB dispersion 
state, further causing problems such as a film thus formed 
lacking toughness. Therefore, as a first heating step, the 
temperature is raised not higher than about 190 **C, and the 
polycondensation reaction is completed at such a temperature, so 
as to obtain a tough tubular PI film. 

After this step^ heating to. complete imidization is then 
carried out as a second heating step at about 280 to about 400 **C 
(and preferably about 300 to about 380 **C) . In this step, the 
temperature is also preferably raised from the tenperature of the 
first heating step gradually, rather than rapidly. 
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The second heating step may be performed while the seamless 
tubular film is adhered to the inner surface of the rotating drum, 
or alternatively, it is also possible to separate and remove the 
seamless tubular film from the rotating drum after the first 
5 heating step, and separately heat the film to 280 to 400 **C by a 
heating means for imidization. Such imidization usually takes 
about 2 to 3 hours. Accordingly, the entire process of the first 
and second heating steps usually takes about 4 to about 7 hours 
in total. 

10 A non-conductive (or semi -conductive) PI film of the 

invention is thus produced. The film usually has a thickness of 
about 30 to about 200 \m, although not limited thereto, and 
preferably about 60 to about 120 fim. When used as an 
electrophotographic intermediate transfer belt, a thickness of 

15 about 75 to about 100 |jun is particularly preferable. 

With respect to a semi-conductive PI film, the 
semiconductivity thereof is an electrical resistance property 
determined by the volume resistivity (£^*cm) (VR) and surface 
resistivity (Q/sq) (SR) . Such a property is due to CB powder 

20 having been mixed and dispersed therein. Basically, the 

resistivity can be freely varied by varying the amount of CB 
powder to be mixed. The film of the invention may have, for 
example, a resistivity within the range of VR:10^ to 10^"* and 
SR:10^ to 10^^ and preferably VR:10^ to lO" and SR:10^ to 10^\ 

25 Such a resistivity range can be easily achieved by using CB 

powder in an amount as specified above. The CB content of the 
film of the invention is usually about 5 to about 25% by weight, 
and preferably about 8 to about 20% by weight. 

The semi-conductive PI film of the invention has extremely 

30 uniform electrical resistivity. More specifically, the semi- 
conductive PI film of the invention is characterized by small 
variation in log surface resistivity SR and log volume 
resistivity VR; that is, their log standard deviations of all the 
measurement points of the film are each 0.2 or less, and 

35 preferably 0.15 or less. The film of the invention is also 



characterized in that the difference in surface resistivities (in 
terms of log) between its front and rear surfaces is as small as 
0.4 or less, and preferably 0.2 or less. The film of the 
invention is further characterized in that the value obtained by 
subtracting Log VR (log volume resistivity) from Log SR (log 
surface resistivity) can be maintained at a level as high as 1.0 
to 3.0, and preferably 1.5 to 3.0, 

The semi-conductive PI film of the invention is applicable 
to a wide range of uses due to its excellent electrical 
resistance properties and other characteristics. Examples of 
important applications that require charging characteristics 
include electrophotographic intermediate transfer belts for color 
printers, color copying machines, or the like. Such a belt 
requires a seraiconductivity (resistivity) of, for exanple, VR 10^ 
to 10^^ and SR 10^° to 10^\ and accordingly, the semi-conductive 
seamless tubular Pl-based film of the invention is suitable. 

The non-conductive or semi-conductive PI film of the 
invention is highly efficient as a belt, and has high yield 
stress (Oy) and high tensile strength (Ocr) . The yield stress (ay) 
is 120 Mpa or more, particularly 120 to 160 Mpa, and the ratio of 
tensile strength to yield stress (Ocr/ay) is 1.10 or more, 
particularly about 1.10 to about 1.35. 

t 

B> Second Embodiment 
The electrically semi-conductive seamless tubular polyimide 
film (hereinafter sometimes referred to as ''semi-conductive 
tubular PI film") of the present invention is produced by 
rotationally molding a semi -conductive aromatic amic acid 
composition containing an aromatic amic acid oligomer, conductive 
carbon black (hereinafter sometimes referred to as ''CB") and an 
organic polar solvent, and then imidizing the resultant. 

B-1. Semi -conductive aromatic amic acid composition 

The semi-conductive aromatic amic acid composition of the 
present invention is prepared by first subjecting approximately 
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equimolar amounts of 1) at least two aromatic tetracarboxylic 
acid derivatives and 2) at least one aromatic diamine to a 
partial polycondensation reaction in an organic polar solvent to 
obtain an aromatic amic acid oligomer (an aromatic amic acid 
5 having a number average molecular weight of about 1000 to about 
7000) solution, and then uniformly mixing conductive carbon black 
powder with the aromatic amic acid oligomer solution. 

(1) Aromatic tetracarboxylic acid derivative 
10 A mixture of at least one asymmetric aromatic 

tetracarboxylic acid derivative and at least one symmetric 
aromatic tetracarboxylic acid derivative are used as said at 
least two aromatic tetracarboxylic acid derivative starting 
materials. 

15 

Asymmetric aromatic tetracarboxylic acid derivative 

Examples of asymmetric aromatic tetracarboxylic acid 
derivatives herein include asymmetric aromatic tetracarboxylic 
dianhydrides and asymmetric aromatic tetracarboxylic acid 
20 diesters (i.e., half esterif ied) . 

Examples of asymmetric aromatic tetracarboxylic acids 
include : 

compounds in which four carboxyl groups are bound non- 
point-symmetrically to a monocyclic or polycyclic aromatic ring 
25 system (e.g., benzene nucleus, naphthalene nucleus, biphenyl 
nucleus, and anthracene nucleus); and 

compounds in which four carboxyl groups are bound non- 
point-symmetrically to two monocyclic aromatic rings (e.g., 
benzene nuclei) linked by a group such as -CO-, -CHa- or -SOa-r or 
30 by a single bond. 

Specific examples of asymmetric aromatic tetracarboxylic 
acids include 1, 2, 3, 4-ben2enetetracarboxylic acid, 1,2,6,7- 
naphthalenetetracarboxylic acid, 2, 3, 3' , 4' - 
biphenyltetracarboxylic acid, 2, 3,3', 4'- 
35 benzophenonetetracarboxylic acid, 2, 3, 3' , 4' -diphenyl ether 
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tetracarboxylic acid, 2,3,3S4'-diphenylitiethanetetracarboxylic 
acid, and 2, 3^ 3' , 4' -diphenylsuifonetetracarboxylic acid. 

Examples of asymmetric aromatic tetracarboxylic 
dianhydrides herein include dianhydrides of such asynunetric 
5 aromatic tetracarboxylic acids. Specific examples thereof include 
compounds in which pairs of adjacent carboxyl groups on one or 
more aromatic rings, in asymmetric aromatic tetracarboxylic acids 
as above, form two acid anhydrides. Among these, 2, 3,3', 4'- 
biphenyltetracarboxylic dianhydride and 1,2,6,7— 
10 naphthalenetetracarboxylic dianhydride are preferable, with 

2, 3, 3', 4 '-biphenyl tetracarboxylic dianhydride being particularly 
preferable. 

Examples of asymmetric aromatic tetracarboxylic acid 
diesters (i.e.^ half esterified) for use in the present invention 

15 include diesters of such asymmetric aromatic tetracarboxylic 

acids (i.e., half esterified). Specific examples thereof include 
compounds in which two of the four carboxyl groups of the 
asymmetric aromatic tetracarboxylic acid are esterified with one 
of each pair of adjacent carboxyl groups on an aromatic ring 

20 being esterified. 

Examples of the two esters of such asymmetric aromatic 
tetracarboxylic acid diesters include di (lower alkyl) esters, and 
preferably di (C1.3 alkyl) esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 

25 Among such symmetric aromatic tetracarjDOxylic acid diesters, 

2,3,3' ,4'-biphenyltetracarboxylic acid dimethyl esters and 
2, 3, 3' , 4'-biphenyltetracarboxylic acid diethyl esters are 
preferable, with 2, 3, 3' , 4' -biphenyl tetracarboxylic acid dimethyl 
esters being particularly preferable. 

30 Asymmetric aromatic tetracarboxylic acid diesters as above 

are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by a known 
method of reacting the corresponding asymmetric aromatic 
tetracarboxylic dianhydride with the corresponding alcohol (e.g., 

35 lower alcohol, preferably C1-3 alcohol) at a molar ratio of 1:2. 
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By such a method, the acid anhydride, which is a starting 
material, reacts with the alcohol and thereby undergoes ring 
opening, providing a diester (half esterified) having an ester 
group and a carboxyl group on respective adjacent carbons on an 
5 aromatic ring. 

Symmetric aromatic tetracarboxylic acid derivative 

Symmetric aromatic tetracarboxylic acid derivatives herein 
include symmetric aromatic tetracarboxylic dianhydrides and 
10 symmetric aromatic tetracarboxylic acid diesters (i.e., half 
esterified) . 

Examples of symmetric aromatic tetracarboxylic acids 
include ; 

compounds in which four carboxyl groups are bound point- 
15 symmetrically to a monocyclic or polycyclic aromatic ring system 
(e.g., benzene nucleus, naphthalene nucleus, biphenyl nucleus, 
and anthracene nucleus); and 

conpounds in which four carboxyl groups are bound point- 
symmetrically to two monocyclic aromatic rings (e.g., benzene 
20 nuclei) linked by a group such as -CO-, -0-, -CHa- or -SO2-, or by 
a single bond. 

Specific examples of symmetric aromatic tetracarboxylic 
acids include 1,2,4,5-benzenetetracarboxylic acid, 2,3,6,7- 
naphthalenetetracarboxylic acid, 3, 3', 4,4'- 

25 biphenyltetracarboxylic acid, 3, 3' , 4 , 4 ' -benzophenqne 

tetracarboxylic acid, 3, 3' , 4, 4' -diphenyl ether tetracarboxylic 
acid, 3, 3' , 4, 4' -diphenylmethanetetracarboxylic acid, and 
3, 3' , 4, 4^ -diphenylsulfonetetracarboxylic acid. 

Examples of syiranetric aromatic tetracarboxylic dianhydrides 

30 for use in the present invention include dianhydrides of such 
symmetric aromatic tetracarboxylic acids. Specific examples 
thereof include compounds in which pairs of adjacent carboxyl 
groups, in symmetric aromatic tetracarboxylic acids as above, 
form two acid anhydride groups. Among these, 1,2,4,5- 

35 benzenetetracarboxylic dianhydride and 3, 3', 4, 4'- 
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biphenyltetracarboxylic dianhydride are preferable, with 
3,3',4/4'-biphenyltetracarboxylic dianhydride being particularly 
preferable. This is because these dianhydrides have beneficial 
effects on the resulting film strength and the like. 
5 Examples of syinmetric aromatic tetracarboxylic acid 

diesters (i.e., half esterified) for use in the present invention 
include diesters of such asymmetric aromatic tetracarboxylic 
acids as above (i.e., half esterified). Specific examples thereof 
include compounds in which two of the four carboxyl groups of the 
10 symmetric arcxnatic tetracarboxylic acid are esterified with one 
of each pair of adjacent carboxyl groups on an aromatic ring 
being esterified. 

Examples of the two esters of such symmetric aromatic 
tetracarboxylic acid diesters include di (lower alkyl) esters, and 

15 preferably C1-3 alkyl esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 

Among such symmetric aromatic tetracarboxylic acid diesters, 
3,3' ,4, 4' -biphenyltetracarboxylic acid dimethyl esters, 
3,3' , 4, 4' -biphenyltetracarboxylic acid diethyl esters, and 

20 2, 3, 5, 6-ben2enetetracarboxyiic acid dimethyl esters are 

preferable, with 3,3' ,4, 4' -biphenyltetracarboxylic acid dimethyl 
esters being particularly preferable. 

Symmetric aromatic tetracarboxylic acid diesters as above 
are commercially available, and can also be produced by known 

25 methods. They can be easily produced, for example, by reacting 
the corresponding symmetric aromatic tetracarboxylic dianhydride 
with the corresponding alcohol (e.g., lower alcohol, preferably 
Cx.3 alcohol) at a molar ratio of 1:2. By such a method, the acid 
anhydride, which is a starting material, reacts with the alcohol 

30 and thereby undergoes ring opening, providing a diester (half 
esterified) having an ester group and a carboxyl group on 
respective adjacent carbons on an aromatic ring. 

Mixing ratio 

35 The mixing ratio for asymmetric and symmetric aromatic 
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tetracarboxylic acid derivatives is specified such that the 
proportion of asymmetric aromatic tetracarboxylic acid 
derivative (s) is about 10 to about 55 mol% (preferably about 15 
to about 55 moll, and more preferably about 20 to about 50 mol%) 
and the proportion of symmetric aromatic tetracarboxylic acid 
derivative (s) is about 90 to about 45 mol% (preferably about 80 
to about 45 mol%, and more preferably about 80 to about 50 mol%) . 
It is particularly preferable to use about 20 to about 50 mol% of 
asymmetric aromatic tetracarboxylic dianhydride (s) and about 80 
to about 50 mol% of symmetric aromatic tetracarboxylic 
dianhydride (s) . 

The combined use of such symmetric and asymmetric aromatic 
tetracarboxylic acid derivatives is essential for the following 
reasons. Use of only symmetric aromatic tetracarboxylic acid 
derivatives induces crystallization of a polyiraide film and 
thereby causes powder ization of the film during heat treatment, 
which thus cannot achieve film formation. Although use of only 
asymmetric aromatic tetracarboxylic acid derivatives achieves the 
formation of a seamless tubular PI film, such an obtained film 
has inferior yield stress and elastic modulus, and, when used as 
a rotational belt, it suffers from problems such as low driving 
responsiveness and early elongation of the belt. 

In contrast, the combined use of aromatic tetracarboxylic 
acid derivatives at a mixing ratio as above achieves extremely 
high film-forming capability (formability) , and provides a semi- 
conductive seamless tubular PI film having high yield stress and 
elastic modulus. 

Further, the addition of an asymmetric aromatic 
tetracarboxylic acid derivative presumably causes a polyamic acid 
molecule to bend, thereby imparting flexibility. 

The effects of the coexistence of such asymmetric and 
symmetric aromatic tetracarboxylic acid derivatives are most 
apparent when they are mixed at a ratio as specified above. 

(2) Aromatic diamine 
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Examples of aromatic diamines include compounds having two 
amino groups on a single aromatic ring (e.g., benzene nucleus), 
and compounds having two amino groups in which two or more 
aromatic rings (e.g., benzene nuclei) are linked by a group such 
5 as -0-, -CO-, -CH2-, -SO- or -SO2-, or by a single bond. 

Specific examples thereof include p-phenylenediamine, o- 
phenylenediamine, m-phenylenediamine, 4, 4'-diaminodiphenyl ether, 
4, 4' -diaminodiphenyl thioether, 4, 4' -diaminodiphenylcarbonyl, 
4, 4' -diaminodiphenylmethane, and 1, 4-bis (4-aminophenoxy) benzene. 
10 Among these, 4, 4' -diarainodiphenyl ether is particularly 

preferable. Use of such an aromatic diamine allows the reaction 
to proceed more smoothly, and provides a film having greater 
toughness and higher heat resistance. 

15 (3) Organic polar solvent 

An aprotic organic polar solvent is preferable as an 
organic polar solvent. Examples thereof include N-methyl-2- 
pyrrolidone (hereafter referred to as ^'NMP"), N,N- 
dimethyl formamide, N, N-diethylforraamide, N,N-diraethylacet amide, 

20 dime thylsulf oxide, hexamethylphosphoramide, and 1, 3-dimethyl-2- 
iraidazolidinone. Such solvents may be used singly, and a mixed 
solvent of two or more such solvents can also be used. NMP is 
particularly preferable. The amount of organic polar solvent is 
set to about 100 to about 300 parts by weight (and preferably 

25 about 150 to about 250 parts by weight) per 100 parts by weight, 
of the total amount of the aromatic tetracarboxylic acid 
derivatives and the aromatic diamine (s) (starting materials). An 
aromatic amic acid oligomer thus produced can relatively easily 
dissolve in an organic polar solvent as above, and accordingly is 

30 advantageous in that the amount of solvent used can be minimized. 

(4) Preparation of aromatic amic acid oligomer solution 

Examples of methods for preparing an aromatic amic acid 
oligomer (with a number average molecular weight of about 1000 to 
35 about 7000) by a partial polycondensation reaction of at least 
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two aromatic tetracarboxylic acid derivatives with at least one 
organic diamine in an organic polar solvent are described 
hereinafter. 

According to a first example of an aromatic amic acid 
5 oligomer preparation method, an aromatic amic acid oligomer (with 
a number average molecular weight of about 1000 to about 7000) is 
prepared by a polycondensation reaction of at least two aromatic 
tetracarboxylic dianhydrides with an approximately equimolar 
amount of at least one aromatic diamine in an organic polar 

10 solvent at 80 *C or less. 

Specifically, a mixture comprising about 15 to about 55 
mol% (and preferably about 20 to about 50 mol%) of asymmetric 
aromatic tetracarboxylic dianhydride(s) and about 85 to about 45 
mol% (and preferably about 80 to about 50 mol%) of symmetric 

15 aromatic tetracarboxylic dianhydride (s) is subjected to a 

polycondensation reaction. Usable organic polar solvents are 
those as described above. NMP is particularly preferable. 

The purpose of limiting the temperature of the reaction to 
about 80 °C or less is to suppress imidization during the 

20 formation of the aromatic amic acid oligomer. A reaction 
temperature of 30 to 70 '^C is more preferable. A reaction 
tenperature of more than 80 °C is not desirable in that polyimide 
is likely to be formed due to imidization. The reaction time 
depends on the reaction temperature etc., and is usually about a 

25 few hours to about 72 hours. 

The molecular weight of the aromatic amic acid oligomer may 
be controlled by any known method. The control may be suitably 
carried out, for example, by a method in which polymerization is 
carried out at an aromatic tetracarboxylic acid 

30 derivative/aromatic diamine molar ratio of 0.5 to 0.95 to thereby 
obtain an aromatic amic acid oligomer having a predetermined 
molecular weight, and optionally further aromatic tetracarboxylic 
acid derivative (s) is then added thereto so that the aromatic 
tetracarboxylic acid derivative/aromatic diamine becomes 

35 equimolar (see Japanese Examined Patent Publication No. 1989- 
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22290); or a method in which a reaction is carried out at an 
approximately equimolar aromatic tetracarboxylic acid 
derivative/aromatic diamine ratio, in the presence of a 
predetermined amount of compound that suppresses molecular weight 
5 increase, such as water (see Japanese Patent No. 1990-3820). 

According to a second example of an aromatic amic acid 
oligomer preparation method, an aromatic amic acid oligomer (with 
a number average molecular weight of about 1000 to about 7000) is 
produced by a polycondensation reaction of two or more aromatic 

10 tetracarboxylic acid diesters with an equimolar amount of at 

least one aromatic diamine in an organic polar solvent at about 
90 to about 120 'C. 

Specifically, a mixture comprising about 15 to about 55 
mol% (and preferably about 20 to about 50 mol%) of asymmetric 

15 aromatic tetracarboxylic acid diester(s) and about 85 to about 45 
raol% (and preferably about 80 to about 50 moi%) of symmetric 
aromatic tetracarboxylic acid diester(s) is subjected to a 
polycondensatoin reaction. Usable organic polar solvents are 
those as described above. NMP is particularly preferable. 

20 The temperature and time of the reaction are intimately 

related to preparing an aromatic amic acid oligomer with a 
desired molecular weight. The temperature of heating is usually 

about 90 to about 120 ''C. When the reaction temperature is in a 
high-temperature range, the reaction time is preferably short in 

25 order to reduce the yield of imide (imidization proportion) and 

suppress molecular weight increase. Heat treatment can be carried 
out by gradually heating to a predetermined temperature, 
performing the reaction at a predetermined temperature for about 
1 to about 3 hours, and then cooling. For example, the mixture 

30 may be heated to about 90 to about 120 ^"0 for about 1 to about 4 
hours, allowed to react at the same temperature for about 30 
minutes to about 2 hours, and then cooled. 

In the above first and second preparation methods, 
approximately equimolar amounts provide a mixing ratio at which 

35 an aromatic amic acid having a predetermined approximately 
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oligomeric molecular weight, whereby a desired semi-conductive 
tubular PI film can be obtained. Heating may be performed (at, 

for example, about 40 to about 70 °C) , if necessary, for -such 
uniform dissolution of the components in an organic polar solvent. 
5 By such a first or second preparation method, an aromatic 

amic acid oligomer solution is prepared. The number average 
molecular weight (Mn) thereof is controlled to be about 1000 to 
about 7000 (preferably about 3000 to about 7000) . The reason for 
specifying such a range is that a solution having a number 

10 average molecular weight of 1000 or less (i.e., monomer, dimer, 
etc.) does not achieve the desired effects on electroconductive 
properties, while a solution having a number average molecular 
weight of 7000 or more is not usable because, for exanple, the 
solution gelates due to the extreme lowering of oligomer 

15 solubility (see, e.g., Coitparative Example B-1) . The number 
average molecular weight can be measured by, for example, the 
method described in the Examples. 

The aromatic amic acid oligomer has a controlled number 
average molecular weight (Mn) of about 1000 to about 7000, and 

20 the ratio (Mw/Mn) of the weight average molecular weight (Mw) to 
the number average molecular weight (Mn) is 2 or less. 

An aromatic amic acid oligomer solution produced by such a 
heat treatment has an aromatic amic acid oligomer as the main 
component, which may have further partially reacted and imidized, 

25 etc. The yield of imide (imidization proportion) in the aromatic 
amic acid oligomer is preferably 30 % or less, more preferably 
25 % or less, and particularly preferably 20 % or less. The yield 
of generated by-product imide (imidization proportion) can be 
measured by, for example, the method described in the Exanples. 

30 Further, the nonvolatile content of the aromatic amic acid 

oligomer solution may be controlled to be as high as about 30 to 
about 45 % by weight. Control to such a high nonvolatile content 
is possible because the solution is oligomeric in which the 
molecular weight has not been increased and thus is easily 

35 dissolved in a solvent. Accordingly, a thick film can be readily 
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. produced, and, because only a small amount of solvent is required, 
costs can be reduced and the evaporative removal of solvent can 
be simplified. "Nonvolatile content" as used herein means a 
content measured by the method described in the Example B-1. 

5 

(5) Preparation of semi -conductive aromatic amic acid 
con^osition 

An aromatic amic acid oligomer solution thus obtained is 
uniformly mixed with conductive CB powder, providing a semi- 

10 conductive aromatic amic acid composition. 

The reason for using CB powder for imparting electrical 
resistance properties is that, compared with other known 
conducting materials such as metals and metal oxides, CB exhibits 
excellent dispersibility as well as excellent stability (change 

15 over time after mixing and dispersion) in a prepared monomer 
mixed solution, and does not have any adverse effects on 
polycondensation . 

There are various kinds of CB powder with various 
properties (electrical resistance, volatile content, specific 

20 surface area, particle diameter, pH value, DBP oil absorption, 
etc.) depending on the source (natural gas, acetylene gas, coal 
tar, etc.). and production conditions (combustion conditions). It 
is desirable to employ CB powder that is capable of stably 
providing a desired electrical resistance without variation even 

25 when a minimum amount thereof is mixed and dispersed. 

Such conductive CB powder usually has a mean particle 
diameter of about 15 to about 65 nm. When used, for example, for 
electrophotographic intermediate transfer belts for color 
printers, color copying machines or the like, CB powder having a 

30 mean particle diameter of about 20 to about 40 nm is particularly 
preferable. 

Examples thereof include channel black and oxidized furnace 
black. Specific examples include Special Black 4 (pH 3, volatile 
content 14%, particle diameter 25 nm) and Special Black 5 (pH 3, 
35 volatile content 15%, particle diameter 20 nm) , manufactured by 
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Degusa Corporation. 

The method for nuxing CB powder into an aromatic amic acid 
oligomer solution is not limited as long as such CB powder can be 
uniformly mixed and dispersed in the aromatic amic acid oligomer 
solution. For example, ball mills, sand mills, and ultrasonic 
mills are usable. 

CB powder is added preferably in an amount of about 3 to 
about 30 parts by weight (and preferably about 10 to about 25 
parts by weight) per 100 parts by weight of the total amount of 
the aromatic tetracarboxylic acid derivatives and the organic 
diamine (s), which are starting materials for the aromatic amic 
acid oligomer. 

The purpose of using CB powder in such an amount is to 
provide the film with volume resistivity (VR) and surface 
resistivity (SR) in a semi -conductive range. The lower limit is 
set at not less than about 3 parts by weight because at least 
this amount is necessary to obtain sufficient conductivity. The 
upper limit is set at not more than about 30 parts by weight for 
the purpose of lowering the resistance and maintaining 
formability to thereby prevent the film properties from 
deteriorating . 

The semi -conductive aromatic amic acid composition has a 
nonvolatile content of about 30 to about 45% by weight. The 
nonvolatile matter has a CB powder content of about 3 to about 
25% by weight (and preferably about 10 to about 20% by weight), 
and an aromatic amic acid oligomer-derived nonvolatile content of 
about 75 to about 97% by weight (and preferably about 80 to about 
90% by weight) . 

Additives such as imidazole compounds (e.g., 2- 
methyl imidazole, 1, 2-dimethylimidazole, 2-methyl-4- 
methyl imidazole, 2-ethyl-4-ethylimidazole, and 2-phenyliraidazole) 
and surfactants (e.g., f luorosurf actants) can be added to the 
composition, within ranges that the effects of the present 
invention are not adversely affected. 

A film-formation semi-conductive aromatic amic acid 
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composition is thereby produced/ in which CB powder is uniformly 
dispersed. 

B-2. Semi'conductive seamless tubular polyimide film 
5 Hereinafter, a process of forming a semi-conductive tubular 

polyimide film using a semi-conductive aromatic amic acid 
composition as prepared above is described. 

Rotational molding using a rotating drum is employed for 
this formation process. First, a semi-conductive aromatic amic 

10 acid composition is introduced into a rotating drum and uniformly 
cast over the entire inner surface. 

The method for introduction/casting may be such that, for 
example, a semi-conductive aromatic ajT\ic acid composition in an 
amount sufficient to provide the desired final film thickness is 

15 introduced into a rotating drum while stationary, and the 
rotational speed is then gradually raised to an extent that 
centrifugal force is generated, so that the composition is cast 
uniformly over the entire inner surface by the centrifugal force. 
Alternatively, introduction/casting may be performed without 

20 using centrifugal force. According to one possible method, a 
horizontally elongated slit-like nozzle is arranged inside a 
rotating drum, and, while slowly rotating the drum, the nozzle is 
rotated (at a speed greater than the drum rotational speed) . The 
film-formation semi -conductive aromatic amic acid composition is 

25 uniformly ejected from the nozzle over the entire inner surface 
of the drum. 

In both methods, the rotating drum has its inner surface 
mirror-finished, and a barrier is arranged at the periphery of 
each end to prevent fluid leakage. The drum is mounted on 
30 rotating rollers, and is rotated indirectly by the rotation of 
the rollers. 

A far-infrared radiation heater or the like is arranged 
around the drum, and heating is carried out indirectly by such an 
external heat source. The size of the drum depends on the size of 
35 the desired semi-conductive tubular PI film. 
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Heating is first carried out so that the inner surface of 
the drum is gradually heated to about 100 to about 190 **C, and 
preferably to about 110 to about 130 ''C (first heating step) . The 
rate of heating is about 1 to about 2 *C/min. This temperature is 
5 maintained for 1 to 2 hours, so that approximately half or more- 
of the solvent is volatized, and a self-supporting tubular film 
is thereby formed. Although imidization requires a temperature of 

280 ''C or higher^ if heating is carried out at such a high 
temperature from the beginning, the polyimide becomes highly 
10 crystalline, which adversely affects the CB dispersion state, 
further causing problems such as a film thus formed lacking 
toughness. Therefore, as a first heating step, the temperature is 

raised not higher than about 190 °C, and the polycondensation 
reaction is completed at such a temperature, so as to obtain a 

15 tough tubular PI film. 

After this step, heating to complete imidization is then 
carried out as a second heating step at about 280 to about 400 °C 
(and preferably about 300 to about 380 ^'C) . In this step, the 
temperature is also preferably raised from the temperature of the 

20 first heating step gradually, rather than rapidly. 

The second heating step may be performed while the seamless 
tubular film is adhered to the inner surface of the rotating drum, 
or alternatively, it is also possible to separate and remove the 
seamless tubular film from the rotating drum after the first 

25. . heating step, and separately heat the film to 280 to 400 **C by a 
heating means for imidization. Such imidization usually takes 
about 2 to 3 hours. Accordingly, the entire process of the first 
and second heating steps usually takes about 4 to about 7 hours 
in total. 

30 A semi -conductive seamless tubular PI film of the invention 

is thus produced. The film usually has a thickness of about 50 to 
about 150 pm, although not limited thereto, and preferably about 
60 to about 120 (jim. When used as an electrophotographic 
intermediate transfer belt, a thickness of about 75 to about 100 

35 urn is particularly preferable. 
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The semiconductivity of the film is an electrical 
resistance property determined by the volume resistivity (Q-cm) 
(hereinafter referred to as ''VR") and surface resistivity (Q/sq) 
(hereinafter referred to as ''SR"). Such a property is due to CB 
5 powder having been mixed and dispersed therein. Basically, the 
resistivity can be freely varied by varying the amount of CB 
powder to be mixed. The film of the invention may have, for 
example, a resistivity within the range of VR:10^ to 10^'' and 
SR:10^ to 10^^ and preferably VR:10^ to 10^^ and SR:10'' to 10^\ 

10 Such a resistivity range can be easily achieved by using CB 

powder in an amount as specified above. The CB content of the 
film of the invention is usually about 3 to about 25% by weight, 
and preferably about 10 to about 20% by weight. 

The semi-conductive PI film of the invention has extremely 

15 uniform electrical resistivity. More specifically, the semi- 
conductive PI film of the invention is characterized by small 
variation in log surface resistivity SR and log volume 
resistivity VR; that is, their log standard deviations of all the 
measurement points of the film are each 0.2 or less, and 

20 preferably 0.15 or less. The film of the invention is also 

characterized in that the difference in surface resistivities (in 
terms of log) between its front and rear surfaces is as small as 
0,4 or less, and preferably 0.2 or less. The film of the 
invention is further characterized in that the value obtained by 

25 subtracting Log VR (log volume resistivity) from Log SR (log 

surface resistivity) can be maintained at a level as high as 1.0 
to 3.0, and preferably 1.3 to 3.0. 

Such excellent electrical characteristics of the PI film of 
the present invention are attributed to the use in its production 

30 of a semi-conductive aromatic amic acid composition, which has an 
^'aromatic amic acid oligomer'' and CB powder mixed therein. More 
specifically, the reason for such excellent electrical 
characteristics is presumably that the composition has CB powder 
uniformly dispersed with an aromatic amic acid oligomer, and, 

35 during film production, polymerization of the composition can 
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proceed while maintaining such a uniform dispersion. 

The PI film of the invention is applicable to a wide range 
of uses due to its excellent electrical resistance properties and 
other characteristics. Exanples of important applications that 
5 require electrostatic properties include electrophotographic 
intermediate transfer belts for color printers, color copying 
machines, or the like. Such a belt requires a semiconductivity 
(resistivity) of, for example, VR 10^ to lO" and SR 10^° to 10^^ 
and accordingly, the semi-conductive seamless tubular PI film of 
10 the invention is suitable. 

The semi-conductive PI film of the invention is highly 
efficient as a belt, and has high yield stress (Oy) and high 
tensile strength (Ccr) . The yield stress (ov) is 120 Mpa or more, 
particularly 120 to 160 Mpa, and the ratio of tensile strength to 

15 yield stress (Qcr/ay) is 1.10 or more, particularly about 1-10 to 
about 1.35, 

C. Third Embodiment 
The electrically semi --conductive seamless tubular 
20 polyimide-based film (hereinafter sometimes referred to as ''semi- 
conductive tubular Pl-based film") of the present invention is 
produced by rotationally molding and heat treating (imidizing) a 
semi-conductive. polyimide-based precursor composition 
(hereinafter sometimes referred to as ^^semi-conductive PI 
25 precursor composition'') . 

C-1. Semi-conductive polyimide-based precursor composition 

The semi-conductive polyimide-based precursor composition 
of the present invention is produced by first dissolving 

30 approximately equimolar amounts of 1) at least two aromatic 
tetracarboxylic acid diesters and 2) at least one aromatic 
diamine in an organic polar solvent to obtain a nylon salt-type 
monomer solution, then mixing a high-molecular-weight polyimide 
precursor solution or a high-molecular-weight polyamideiraide 

35 solution with the nylon salt-type monomer solution to prepare a 
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mixed solution, and then uniformly dispersing carbon black 
(hereinafter sometimes referred to as ''CB") in the mixed solution. 

(1) Aromatic tetracarboxylic acid diesters (half esterified) 
5 A mixture of at least one asymmetric aromatic 

tetracarboxylic acid diester and at least one symmetric aromatic 
tetracarboxylic acid diester is used as said at least two 
aromatic tetracarboxylic acid diester starting materials. 

Asymmetric aromatic tetracarboxylic acid diesters for use 
10 in the present invention are explained hereinafter. 

Examples of asymmetric aromatic tetracarboxylic acids 
include: 

compounds in which four carboxyl groups are bound non- 
point-symmetrically to a monocyclic or polycyclic aromatic ring 

15 system (e.g., benzene nucleus, naphthalene nucleus, biphenyl 
nucleus, and anthracene nucleus); and 

compounds in which four carboxyl groups are bound non- 
point-syrometrically to two monocyclic aromatic rings (e.g., 
benzene nuclei) linked by a group such as -CO-, -CH2- or -SO2-, or 

20 by a single bond. 

Specific examples of asymmetric aromatic tetracarboxylic 
acids include 1, 2, 3, 4-benzenetetracarboxylic acid, 1,2,6,7- 
naphthalenetetracarboxylic acid, 2, 3, 3' , 4' - 
biphenyltetracarboxylic acid, 2, 3,3', 4'- 

25 benzophenonetetracarboxylic acid, 2, 3, 3' , 4' -diphenyl ether 

tetracarboxylic acid, 2, 3, 3' , 4' -diphenylmethanetetracarboxylic 
acid, and 2, 3, 3' , 4' -diphenylsulfonetetracarboxylic acid. 

Examples of asymmetric aromatic tetracarboxylic acid 
diesters (i.e., half esterified) for use in the present invention 

30 include diesters of such asymmetric aromatic tetracarboxylic 

acids. Specific examples thereof include compounds in which two 
of the four carboxyl groups of the asymmetric aromatic 
tetracarboxylic acid are esterified with one of each pair of 
adjacent carboxyl groups on an aromatic ring being esterified. 

35 Examples of the two esters of such asymmetric aromatic 
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tetracarboxylic acid diesters include di (lower alkyl) esters, and 
preferably C1-3 alkyl esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 

Among such asymmetric aromatic tetracarboxylic acid 
5 diesters, 2, 3, 3' , 4' -biphenyl tetracarboxylic acid dimethyl esters 
and 2,3,3' ,4'-biphenyltetracarboxylic acid diethyl esters are 
preferable, with 2, 3, 3' , 4' -biphenyltetracarboxylic acid dimethyl 
esters being particularly preferable. 

Asymmetric aromatic tetracarboxylic acid diesters as above 
10 are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by reacting 
the corresponding asymmetric aromatic tetracarboxylic dianhydride 
with the corresponding alcohol (e.g., lower alcohol, preferably 
Ci-3 alcohol) at a molar ratio of 1:2. By such a method^ the acid 
15 anhydride, which is a starting material, reacts with the alcohol 
and thereby undergoes ring opening, providing a diester (half 
esterified) having an ester group and a carboxyl group on 
respective adjacent carbons on an aromatic ring. 

Symmetric aromatic tetracarboxylic acid diesters for use in 
20 the present invention are explained hereinafter. 

Examples of symmetric aromatic tetracarboxylic acids 
include: 

compounds in which four carboxyl groups are bound point- 

♦ 

symmetrically to a monocyclic or polycyclic aromatic ring system 
25 (e.g., benzene nucleus^ naphthalene nucleus, k?iphenyi nucleus, 
and anthracene nucleus) ; and 

compounds in which four carboxyl groups are bound point- 
symmetrically to two monocyclic aromatic rings (e.g., benzene 
nuclei) linked by a group such as -CO-, -0-, -'CH2- or -SO2-, or by 
30 a single bond. 

. Specific examples of symmetric aromatic tetracarboxylic 
acids include 1, 2, 4, 5-benzenetetracarboxylic acid, 2,3,6,7- 
naphthalenetetracarboxylic acid, 3, 3' , 4, 4' - 
biphenyltetracarboxylic acid, 3, 3' , 4 , 4 ' -benzophenone 
35 tetracarboxylic acid, 3, 3' ,4, 4' -diphenyl ether tetracarboxylic 
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acid, 3^3' ,4,4'-diphenylrnethanetetracarboxylic acid^ and 
3^ 3' , 4 , 4 ' -diphenylsulf onetetracarboxylic acid. 

Examples of symmetric aromatic tetracarboxylic acid 
diesters (i.e.^ half esterified) for use in the present invention 
5 include diesters of such synmetric aromatic tetracarboxylic acids 
(i.e., half esterified). Specific examples thereof include 
compoiands in which two of the four carboxyl groups of the 
symmetric aromatic tetracarboxylic acid are esterified with one 
of each pair of adjacent carboxyl groups on an aromatic ring 

10 being esterified. 

Examples of the two esters of such symmetric aromatic 
tetracarboxylic acid diesters include di (lower alkyl) esters, and 
preferably alkyl esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 

15 Among such symmetric aromatic tetracarboxylic acid diesters, 

3,3' , 4, 4' -biphenyltetracarboxylic acid dimethyl esters, 
3,3' , 4, 4' -biphenyl tetracarboxylic acid diethyl esters, 1,2,4,5- 
benzenetetracarboxylic acid dimethyl esters, and 1,2,4,5- 
benzenetetracarboxylic acid diethyl esters are preferable, with 

20 3, 3' , 4, 4' -biphenyltetracarboxylic acid dimethyl esters being 
particularly preferable. 

Symmetric aromatic tetracarboxylic acid diesters as above 
are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by a known 

25 method of reacting the corresponding symmetric aromatic 

tetracarboxylic dianhydride with the corresponding alcohol (e.g., 
lower alcohol, preferably C1.3 alcohol) at a molar ratio of 1:2. 
By such a method, the acid anhydride, which is a starting 
material, reacts with the alcohol and thereby undergoes ring 

30 opening, providing a diester (half esterified) having an ester 
group and a carboxyl group on respective adjacent carbons on an 
aromatic ring. 

The mixing ratio for asymmetric and symmetric aromatic 
tetracarboxylic acid diesters is specified such that the 

35 proportion of asymmetric aromatic tetracarboxylic acid diester (s) 
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is about 10 to about 50 mol% (and preferably about 20 to about 40 
mol%) and the proportion of symmetric aromatic tetracarboxyiic 
acid diester(s) is about 90 to about 50 mol% (and preferably 
about 80 to about 60 mol%) . It is particularly preferable to use 
5 about 20 to about 30 mol% of asymmetric tetracarboxyiic aromatic 
acid diester(s) and about 70 to about 80 mol% of symmetric 
aromatic tetracarboxyiic acid diester(s). 

The combined use of such symmetric and asymmetric aromatic 
tetracarboxyiic acid diesters is essential for the following 

10 reasons. Use of only symmetric aromatic tetracarboxyiic acid 

diesters induces crystallization of a polyimide film and thereby 
causes powderization of the film during heat treatment, which 
thus cannot achieve film formation. Although use of only 
asymmetric aromatic tetracarboxyiic acid derivatives achieves the 

15 formation of a seamless tubular PI film, such an obtained film 
has inferior yield stress and elastic modulus, and, when used as 
a rotational belt, it suffers from problems such as low driving 
responsiveness and early elongation of the belt. 

In contrast, the use of mixed aromatic tetracarboxyiic acid 

20 diesters achieves extremely high film-forming capability 

(formability) , and provides a semi-conductive seamless tubular PI 
film having high yield stress and elastic modulus* 

Further, the addition of an asymmetric aromatic 
tetracarboxyiic acid diester presumably causes a polyamic acid 

25 molecule to bend, thereby imparting flexibility. 

The effects of the coexistence of such asymmetric and 
symmetric aromatic tetracarboxyiic acid derivatives are most 
apparent when they are mixed at a ratio as specified above. 

30 (2) Aromatic diamine 

Examples of aromatic diamines include compounds having two 
amino groups on a single aromatic ring (e.g., benzene nucleus), 
and compounds having two amino groups in which two or more 
aromatic rings (e.g., benzene nuclei) are linked by a group such 

35 as -0-, -S-, -CO-, -CHf, -SO- or -SO?-, or by a single bond. 
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Specific exarrples thereof include p-phenylenediamine, o- 
phenylenediamine, m-phenylenediamine, 4, 4' -diaminodiphenyl ether, 
4,4' "diaminodiphenyl thioether, 4,4' -diaminodiphenylcarbonyl, 
4,4'-diarninodiphenylmethane, and 1, 4-bis (4 -aminophenoxy) benzene. 
5 Among these, 4, 4' -diaminodiphenyl ether is particularly 

preferable. Use of such an aromatic diamine allows the reaction 
to proceed more smoothly, and provides a film having greater 
toughness and higher heat resistance. 

10 (3) Nylon salt-type monomer solution 

At least two aromatic tetracarboxylic acid diesters as 
above and an equimolar amount of at least one aromatic diamine as 
above are uniformly mixed in an organic polar solvent, providing 
a nylon salt-type monomer solution. Heating may be performed (at, 

15 for example, about 40 to about 70 "C) , if necessary, for such 

uniform dissolution of the components in an organic polar solvent. 

An aprotic organic polar solvent is preferable as an 
organic polar solvent. Examples thereof include N-methyl-2- 
pyrrolidone (hereafter referred to as ''NMP"), N,N- 

20 dimethylformamide, N,N-diethylformamide, N,N-dimethylacetamide, 
dimethylsulfoxide, hexamethylphosphoramide, and 1, 3-dimethyl-2- 
imidazolidinone. Such solvents may be used singly, and a mixed 
solvent of two or more such solvents can also be used, NMP is 
particularly preferable. The amount of organic polar solvent is 

25 set to about 100 to about 300 parts by weight (and preferably 

about 120 to about 200 parts by weight) per 100 parts by weight 
of the total amount of said at least two aromatic tetracarboxylic 
acid diesters and said at least one aromatic diamine (starting 
materials) . 

30 Such a nylon salt-type monomer solution presumably has a 

constitution in which, for example, ion pairs of carboxylate ions 
of the aromatic tetracarboxylic acid diesters and ammonium ions 
of the aromatic diamine are present in a substantially monomeric 
state in an organic polar solvent (see, e.g., the formula given 

35 below) . Further, such ions can be dissolved in an organic polymer 
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solvent as above extremely easily because of their substantially 
monomer ic state ^ thus providing the advantage that the amount of 
solvent used can be minimized. 

ROOC^ COO" 

At %N— Ar'-NH3^ 
-OOC ^COOR 

5 

(Ar is a tetravalent residue obtained by removing two carboxyl 
groups and two ester groups from an aromatic tetracarboxylic acid, 
Ar' is a divalent residue obtained by removing two amino groups 
from an aromatic diamine, and R is an alkyl group) 

10 

(4) High-molecular-weiqht polyiuide precursor solution and high- 
molecular-weight polyamideimide solution 

A polyamic acid solution having a number average molecular 
weight of 10000 or more is used as the high-molecular-weight 
15 polymide precursor solution, and a polyamideimide solution having 
a number average molecular weight of 10000 or more is used as the 
high-molecular-weight polyamideimide solution. A number average 
molecular weight as used herein is a value measured by GPC 
(solvent : NMP/ calculated with reference to polyethylene oxide). 

20 

Polyamic acid solution 

A polyamic acid solution having a number average molecular 
weight of 10000 or more is produced, for example, by a known 
method using, as starting materials, a biphenyl tetracarboxylic 
25 dianhydride and a diaminodiphenyl ether component in an organic 
polar solvent. Usable organic polar solvents are those described 
above for use in a nylon salt-type monomer solution. 

Examples of biphenyl tetracarboxylic dianhydrides include 
2,3,3', 4' -biphenyl tetracarboxylic dianhydride (a-BPDA) , 
30 3, 3' , 4, 4 '-biphenyl tetracarboxylic dianhydride (s-BPDA) , and 
2,2' , 3, 3' -biphenyl tetracarboxylic dianhydride. 

Examples of diaminodiphenyl ether components include 4,4'- 
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diaminodiphenyl ether, 3, 3' -diaminodiphenyl ether, and 3,4'- 
diamine diphenyl ether. 

Such a biphenyl tetracarboxylic dianhydride and 
diaminodiphenyl ether component are mixed in approximately 
5 equimolar amounts. A known method can be employed for the 

polycondensation reaction thereof. An example thereof is a method 
for preparing a polyamic acid solution, in which a biphenyl 
tetracarboxylic acid component is added to a solution containing 
a diaminodiphenyl ether component at room temperature (about 15 

10 to about 30 'C) and thereby amidated. Such an obtained polyamic 
acid has a number average molecular weight of 10000 or more, and 
preferably 12000 to 20000. 

Polyamideimide solution 

15 A polyamideimide solution having a number average molecular 

weight of 10000 or more is produced by a known reaction, such as 
polycondensation of an acid anhydride component comprising 
trimellitic anhydride and benzophenonetetracarboxylic anhydride 
with an aromatic isocyanate in an organic solvent. Usable organic 

20 polar solvents are those described above for use in a nylon salt- 
type monomer solution. 

The acid anhydride component has a trimellitic anhydride 
proportion of about 70 to about 95 mol%, and a 
benzophenonetetracarboxylic anhydride proportion of about 5 to 

25 about 30 mol%. 

Examples of aromatic isocyanates include bitolylene 
diisocyanate, 3, 3' -diphenylsulfone diisocyanate, isophorone 
diisocyanate, 1, 4 -diisocyanate, 4, 4 ' -dicyclohexylmethane 
diisocyanate, m-xylene diisocyanate, p-xylene diisocyanate, and 

30 1, 4-cyclohexylene diisocyanate. 

Such an aromatic isocyanate is used in such an amount that 
the total number of aromatic isocyanate groups is equivalent to 
the total number of carboxyl groups and acid anhydride groups of 
the acid component. 

35 Such polyamideimide has a number average molecular weight 
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of 10000 or more, and preferably about 15000 to about 20000. 

(5) Mixed solution 

A nylon salt-type monomer solution as above and a high- 
5 molecular-weight polymide precursor solution or high-molecular- 
weight polyamideimide solution as above are mixed, providing a 
mixed solution. A known method, such as a propeller mixer, 
magnetic stirrer, or pot mill, can be employed for this mixing. 

They are preferably mixed in such amounts (ratio) that the 

10 high-molecular-weight polymide precursor solution (in particular, 
a polyamic acid solution having a number average molecular weight 
of 10000 or more) or the high-molecular-weight polyamideimide 
solution (polyamideimide solution having a number average 
molecular weight of 10000 or more) has about 10 to about 50 parts 

15 by weight (and preferably about 20 to about 30 parts by weight) 
of nonvolatile matter per 100 parts by weight of the nonvolatile 
matter of the nylon salt-type monomer solution. '"Nonvolatile 
matter" herein is as measured by the method described in Example 
C-1. 

20 When the high-raolecular-weight polymide precursor solution 

or high-molecular-weight polyamideimide solution has less than 10 
parts by weight of nonvolatile matter per 100 parts by weight of 
the nonvolatile matter of the nylon salt-type monomer solutoin, 
it becomes difficult to achieve the effects of the present 

25 invention. When the nonvolatile matter is more than 50 parts by 
weight and carbon black is added to such a solution, rate of 
viscosity increase becomes remarkably high and pulverization of 
the carbon black becomes difficult, and as a result, the addition 
of a large amount of organic polar solvent is required, thereby 

30 reducing production efficiency. 

(6) Semi-conductive PI precursor composition 

Conductive CB powder is uniformly dispersed in such a mixed 
solution, providing a semi -conductive PI precursor composition. 
35 The reason for using CB powder for imparting electrical 
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resistance properties is that (compared with other known 
conducting materials such as metals and metal oxides) CB exhibits 
excellent dispersibility as well as excellent stability (change 
over time after mixing and dispersion) in a prepared monomer 
5 mixed solution, and does not have any adverse effects on 
polycondensa tion . 

There are various kinds of CB powder with various 
properties (electrical resistance, volatile content, specific 
surface area, particle diameter, pH value, DBP oil absorption, 

10 etc.) depending on the source (natural gas, acetylene gas, coal 
tar, etc.) and production conditions (combustion conditions). It 
is desirable to employ CB powder that is capable of stably 
providing a desired electrical resistance without variation even 
when a minimum amount thereof is mixed and dispersed. 

15 Such conductive CB powder usually has a mean particle 

diameter of about 15 to about 65 nm. When used, for example, for 
electrophotographic intermediate transfer belts for color 
printers, color copying machines or the like, CB powder having a 
mean particle diameter of about 20 to about 40 nm is particularly 

20 preferable. 

Carbon black having a high conductivity index, such as 
ketjen black and acetylene black, is likely to lead to the 
formation of secondary aggregation (structure) and the occurrence 
of a conductivity chain, and accordingly, control within the 

25 semi-conductive region is difficult. Therefore, use of acidic, 
carbon black, which is unlikely to lead to such structure 
formation, is effective. 

Examples thereof include channel black and oxidized furnace 
black. Specific examples include Special Black 4 (pH 3, volatile 

30 content 14%, particle diameter 25 nm) and Special Black 5 (pH 3, 
volatile content 15%, particle diameter 20 nm) , manufactured by 
Degusa Corporation. 

The method for mixing CB powder is not limited as long as 
such CB powder can be uniformly mixed and dispersed in the mixed 

35 solution. For example, ball mills, sand mills, and ultrasonic 
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mills are usable. 

CB powder is added preferably in an amount of about 5 to 
about 40 parts by weight (and preferably about 10 to about 30 
parts by weight) per 100 parts by weight of the total amount of: 
5 1) aromatic tetracarboxylic acid diester and organic diamine, 

which are starting materials for the nylon salt- type monomer; and 
2) acid anhydride and diamine, which are starting materials for 
the high -molecular-weight polyimide precursor, or acid anhydrides 
and aromatic isocyanate, which are starting materials for the 

10 high-molecular-weight polyamideimide. The purpose of using CB 
powder in such an amount is to provide the film with volume 
resistivity (VR) and surface resistivity (SR) in a semi- 
conductive range. The lower limit is set at not less than about 5 
parts by weight because at least this amount is necessary to 

15 obtain sufficient conductivity. The upper limit is set at not 
more than about 40 parts by weight for the purpose of lowering 
the resistance and maintaining formability to thereby prevent the 
film properties from deteriorating. 

The semi-conductive PI precursor composition has a 

20 nonvolatile content of about 20 to about 60% by weight, and this 
nonvolatile matter has a CB powder content of about 5 to about 
301 by weight (and preferably about 9 to about 23% by weight), 
^'Nonvolatile content" as used herein means a content measured by 
the method described in Example C-1. 

25 Additives such as imidazole compounds (e.g., 2- 

methylimidazole, 1, 2-dimethylimidazole, 2-methyl-4- 
methylimidazole, 2-ethyl-4-ethylimidazole, and 2-phenyl imidazole) 
and surfactants (e.g., fluorosurfactants) can be added to the 
composition, within ranges that the effects of the present 

30 invention are not adversely affected. 

A film- format ion semi-conductive PI precursor composition 
is thereby produced, in which CB powder is uniformly dispersed. 

By mixing a high-molecular-weight polymide precursor 
solution or a high-molecular-weight polyamideimide solution with 

35 a nylon salt-type monomer, the storage stability of the uniform 
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dispersion of carbon black in the semi-conductive PI precursor 
composition of the present invention is remarkably improved. 
Further, a conductive tubular polyimide-based film formed by 
rotationally molding such a semi-conductive PI precursor 
5 composition has excellent electrical conductivity, i.e., 
extremely stable and uniform electrical resistivity in the 
thickness direction. The reasons for this are not certain but are 
presumably that, because a polymer having a relatively high 
number average molecular weight is present in the polyimide-based 

10 precursor composition, the aggregation of carbon black is 

suppressed by physical entanglement between the polymer component 
and carbon black and also by the viscosity of the polymer. 
Furthermore, presumably, the polymer's viscosity alleviates the 
effects on carbon black particles caused by centrifugal force 

15 during rotational molding, and also alleviates the effects caused 
by theimal convection or evaporative convection during the 
volatilization of solvent, and moreover, the reaction rate of 
heat-induced polymer iza it on can be moderated, 

20 C-2. Conductive seamless tubular polyimide-based film 

Hereinafter, a process of forming a conductive tubular PI- 
based film using a semi -conductive PI precursor composition as 
prepared above is described. 

Rotational molding using a rotating drum is employed for 

25 this fomation process. First, a semi-conductive P.I precur.sor 

composition is introduced into a rotating drum and uniformly cast 
over the entire inner surface. 

The method for introduction/casting may be such that, for 
example, a semi-conductive PI precursor composition in an amount 

30 sufficient to provide the desired final film thickness is 
introduced into a rotating drum while stationary, and the 
rotational speed is then gradually raised to an extent that 
centrifugal force is generated. The composition is cast uniformly 
over the entire inner surface by the centrifugal force, 

35 Alternatively, introduction/casting may be performed without 
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using centrifugal force. According to one possible method, a 
horizontally elongated slit-like nozzle is arranged inside a 
rotating drum, and, while slowly rotating the drum, the nozzle is 
rotated (at a speed greater than the drum rotational speed) . The 
5 film-formation semi-conductive PI precursor composition is 

uniformly ejected from the nozzle over the entire inner surface 
of the drum. 

In both methods, the rotating drum has its inner surface 
mirror-finished, and a barrier is arranged at the periphery of 
10 each end to prevent fluid leakage. The drum is mounted on 

rotating rollers, and is rotated indirectly by the rotation of 
the rollers, 

A far-infrared radiation heater or the like is arranged 
around the drum, and heating is carried out indirectly by such an 
15 external heat source. The size of the drum depends on the size of 
the desired semi -conductive tubular PI film. 

Heating is first carried out so that the inner surface of 

the drum is gradually heated to about 100 to about 190 ^C, and 
preferably to about 110 to about 130 ""C (first heating step) . The 
20 rate of heating is about 1 to about 2 ®C/min. This temperature is 
maintained for 1 to 3 hours, so that approximately half or more 
of the solvent is volatized, and a self-supporting tubular film 
is thereby formed. Although imidization requires a temperature of 

280 "C or higher, if heating is carried out at such a high 
25 temperature from the beginning, the polyimide becomes highly 
crystalline, which adversely affects the CB dispersion state, 
further causing problems such as a film thus formed lacking 
toughness. Therefore, as a first heating step, the temperature is 

raised not higher than about 190 ''C, and the polycondensation 
30 reaction is completed at such a temperature, so as to obtain a 

tough tubular PI film. 

After this step, heating to complete imidization is then 

carried out as a second heating step at about 280 to about 400 °C 

(and preferably about 300 to about 380 **C) . In this step, the 
35 temperature is also preferably raised from the temperature of the 
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first heating step gradually, rather than rapidly. 

The second heating step may be performed while the seamless 
tubular film is adhered to the inner surface of the rotating drum, 
or alternatively, it is also possible to separate and remove the 
5 seamless tubular film from the rotating drum after the first 

heating step, and separately heat the film to 280 to 400 by a 
heating means for imidization. Such iraidization usually takes 
about 2 to 3 hours. Accordingly, the entire process of the first 
and second heating steps usually takes about 4 to about 7 hours 
10 in total. 

A conductive seamless tubular PI film of the invention is 
thus produced. The film usually has a thickness of about 30 to 
about 200 \m, although not limited thereto, and preferably about 
50 to about 120 pra. When used as an electrophotographic 
15 intermediate transfer belt, a thickness of about 70 to about 100 

(jun is particularly preferable. 

The semiconductivity of the film is an electrical 

resistance property determined by the volume resistivity (Q-cm) 
(hereinafter referred to as ''VR") and surface resistivity (Q/sq) 

20 (hereinafter referred to as ''SR") . Such a property is due to CB 
powder having been mixed and dispersed therein. Basically, the 
resistivity can be freely varied by varying the amount of CB 
powder to be mixed. The film of the invention may have, for 
example, a resistivity within the range of VR: 10^ to lO" and SR: 

25 10^ to 10^^ and preferably VR: 10^ to 10^^ and SR: lO'' to 10^\ 
Such a resistivity range can be easily achieved by using CB 
powder in an amount as specified above. The CB content of the 
film of the invention is usually about 5 to about 30% by weight, 
and preferably about 9 to about 23% by weight. 

30 The semi-conductive PI film of the present invention has 

extremely uniform electrical resistivity. More specifically, the 
semi-conductive PI film of the invention is characterized by 
small variation in log surface resistivity SR and log volume 
resistivity VR; that is, their log standard deviations of all the 

35 measurement points of the film are each 0.2 or less, and 
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preferably 0.15 or less. The film of the invention is also 
characterized in that the difference in surface resistivities (in 
terms of log) between its front and rear surfaces is as small as 
0,4 or less, and preferably 0.2 or less. The film of the 
invention is further characterized in that the value obtained by 
subtracting Log VR (log volume resistivity) from Log SR (log 
surface resistivity) can be maintained at a level as high as 1.0 
to 3.0, and preferably 1,5 to 3.0. 

Such excellent electrical characteristics of the PI film of 
the present invention are attributed to the fact that, because a 
high-molecular-weight polyimide precursor or high-molecular- 
weight polyamideimide solution has been mixed therein, CB is 
uniformly physically incorporated into the entangling structure 
of the polymer chains, and accordingly, the effects caused by 
evaporation of solvent and/or the effects of polymerization of 
the nylon salt-type monomer during film production are reduced, 
whereby a conductive seamless polyimide-based film can be 
obtained while maintaining the uniform dispersion of CB achieved 
in the precursor composition solution. 

The PI film of the invention is applicable to a wide range 
of uses due to its excellent electrical resistance properties and 
other characteristics. Examples of important applications that 
require electrostatic properties include electrophotographic 
intermediate transfer belts for color printers, color copying 
machines, or the like. Such a belt requires a semiconductivity 
(resistivity) of, for example, VR 10^ to 10^^ and SR 10^° to 10^\ 
and accordingly, the semi -conductive seamless tubular Pl-based 
film of the invention is suitable. 

The semi -conductive PI film of the invention is highly 
efficient as a belt, and has high yield stress (Oy) and high 
tensile strength (Ocr) . The yield stress {Oy) is 120 Mpa or more, 
particularly 120 to 160 Mpa, and the ratio of tensile strength to 
yield stress (Ocr/cJv) is 1.10 or more, particularly about 1.10 to 
about 1.35. 
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D. Fourth Embodiment 
The electrically semi-conductive seamless tubular polyimide 
film {hereinafter sometimes referred to as ''semi-conductive 
tubular PI film") of the present invention is produced by 
5 rotationally molding and heat treating (imidizing) a semi- 
conductive high-concentration polyimide precursor composition 
(hereinafter sometimes referred to as ''semi-conductive high- 
concentration PI precursor composition") , 

10 D-1. Semi -conductive high-concentration polyimide precursor 
composition 

The semi-conductive high-concentration polyimide precursor 
composition is produced by first uniformly dispersing carbon 
black (hereinafter sometimes refered to as "CB") in an organic 

15 polar solvent to obtain a carbon black dispersion, and then 
dissolving approximately equimolar amounts of aromatic 
tetracarboxylic acid diester and aromatic diamine in the carbon 
black dispersion. That is^ the composition is characterized in 
that it is produced by adding equimolar amounts of monomer 

20 starting materials (i.e., equimolar amounts of aromatic 

tetracarboxylic acid diester and aromatic diamine) to a pre- 
prepared uniform CB dispersion. 

(1) Carbon black dispersion 

25 In the present invention, conductive CB powder is used to 

impart seraiconductivity to a PI precursor composition. The reason 
for using CB powder is that (compared with other known conducting 
materials such as metals and metal oxides) CB exhibits excellent 
dispersibility as well as excellent stability (change over time 

30 after mixing and dispersion) in a prepared semi-conductive high- 
concentration polyimide precursor composition, and does not have 
any adverse effects on polycondensation. 

There are various kinds of CB powder with various 
properties (electrical resistance, volatile content, specific 

35 surface area, particle diameter, pH value, DBP oil absorption. 
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etc.) depending on the source (natural gas, acetylene gas, coal 
tar, etc.) and production conditions (combustion conditions). It 
is desirable to employ CB powder that is capable of stably 
providing a desired electrical resistance without variation even 
5 when a minimum amount thereof is mixed and dispersed. 

Such conductive CB powder usually has a mean particle 
diameter of about 15 to about 65 nra- When used, for example, for 
electrophotographic intermediate transfer belts for color 
printers, color copying machines or the like, CB powder having a 
10 mean particle diameter of about 20 to about 40 nm is particularly 
preferable. 

Carbon black having a high conductivity index, such as 
ketjen black and acetylene black, is likely to lead to the 
formation of secondary aggregation (structure) and the occurrence 
15 of a conductivity chain, and accordingly, control within a semi- 
conductive range is difficult. Therefore, use of acidic carbon 
black, which is unlikely to lead to such structure formation, is 
effective. 

Examples thereof include channel black and oxidized furnace 
20 black. Specific examples include Special Black 4 (pH 3, volatile 
content 14%, particle diameter 25 nm) and Special Black 5 (pH 3, 
volatile content 15%, particle diameter 20 nm) , manufactured by 
Degusa Corporation. 

An aprotic organic polar solvent is preferable as an 
25 organic polar solvent used for a carbon black dispersion. 
Examples thereof include N-methyl-2-pyrrolidone (hereafter 
referred to as '"NMP"), N,N-dimethylforTOamide, N,N- 
diethyl formamide, N, N-dimethylacetamide, dimethylsulf oxide, 
hexamethylphosphoramide, and 1, 3-dimethyl-2-imidazolidinone. Such 
30 solvents may be used singly, and a mixed solvent of two or more 
such solvents can also be used. NMP is particularly preferable. 

A carbon black dispersion is produced by uniformly 
dispersing CB powder in such an organic polar solvent. The method 
for mixing CB powder is not limited as long as such CB powder can 
35 be uniformly mixed and dispersed in an organic polar solvent. For 
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example, ball mills, sand mills, and ultrasonic mills are usable. 

CB powder is used in an amount of about 3 to about 25 parts 
by weight, and preferably about 5 to about 15 parts by weight, 
per 100 parts by weight of organic polar solvent. These amounts 
are in a range where the viscosity of the organic polar solvent 
does not increase and secondary aggregation of CB due to Van der 
Waals force is prevented. The lower limit is set at not less than 
3 parts by weight per 100 parts by weight of organic polar 
solvent because at least such an amount is necessary in order to 
prevent decrease in the nonvolatile content of a produced high- 
concentration polyimide precursor composition. The upper limit is 
set at not more than 25 parts by weight for the purpose of 
maintaining enough distance between the uniformly dispersed CB 
powder particles and thereby preventing secondary coagulation due 
to Van der Waals force. 

(2) Aromatic tetracarboxylic acid diesters (half esterified) 

A mixture of at least one asymmetric aromatic 
tetracarboxylic acid diester and at least one symmetric aromatic 
20 tetracarboxylic acid diester is used as at least two aromatic 
tetracarboxylic acid diester starting materials. 

Asymmetric aromatic tetracarboxylic acid diesters for use 
in the present invention are explained hereinafter. 

Examples of asymmetric aromatic tetracarboxylic acids 
25 include: 

compounds in which four carboxyl groups are bound non- 
point-symmetrically to a monocyclic or polycyclic aromatic ring 
system (e.g., benzene nucleus, naphthalene nucleus, biphenyl 
nucleus, and anthracene nucleus); and 

30 compounds in which four carboxyl groups are bound non- 

point-symmetrically to two monocyclic aromatic rings (e.g., 
benzene nuclei) linked by a group such as -CO-, -CH2- or -SOa^, or 
by a single bond. 

Specific examples of asymmetric aromatic tetracarboxylic 

35 acids include 1,2,3,4-benzenetetracarboxylic acid, 1,2,6,7- 
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naphthalenetetracarboxylic acid, 2,3,3* , A' ^ 
biphenyltetracarboxylic acid, 2,3,3^4'- 
benzophenonetetracarboxylic acid, 2, 3, 3' , 4' -diphenyl ether 
tetracarboxyiic acid, 2,3,3' , A' -diphenylmethanetetracarboxylic 
5 acid, and 2, 3, 3' , 4' -diphenylsulfonetetracarboxylic acid. 

Examples of asymmetric aromatic tetracarboxyiic acid 
diesters (i.e., half esterified) for use in the present invention 
include diesters of such asymmetric aromatic tetracarboxyiic 
acids. Specific examples thereof include compounds in which two 

10 of the four carboxyl groups of the asymmetric aromatic 

tetracarboxyiic acid are esterified with one of each pair of 
adjacent carboxyl groups on an aromatic ring being esterified. 

Examples of the two esters of such asymmetric aromatic 
tetracarboxyiic acid diesters include di (lower alkyl) esters, and 

15 preferably Ci-a alkyl esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters) . 

7\mong such asymmetric aromatic tetracarboxyiic acid 
diesters, 2, 3, 3' , 4' -biphenyltetracarboxylic acid dimethyl esters 
and 2, 3, 3' , 4' -biphenyltetracarboxylic acid diethyl esters are 

20 preferable, with 2, 3, 3' , 4' -biphenyltetracarboxylic acid dimethyl 
esters being particularly preferable. 

Asymmetric aromatic tetracarboxyiic acid diesters as above 
are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by reacting 

25 the corresponding asymmetric aromatic tetracarboxyiic dianhydride 
with the corresponding alcohol (e.g., lower alcohol, preferably 
Ci-3 alcohol) at a molar ratio of 1:2. By such a method, the acid 
anhydride, which is a starting material, reacts with the alcohol 
and thereby undergoes ring opening, providing a diester (half 

30 esterified) having an ester group and a carboxyl group on 
respective adjacent carbons on an aromatic ring. 

Symmetric aromatic tetracarboxyiic acid diesters for use in 
the present invention are explained hereinafter. 

Examples of symmetric aromatic tetracarboxyiic acids 

35 include: 
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compounds in which four carboxyl groups are bound point- 
syrnmetrically to a monocyclic or polycyclic aromatic ring system 
(e.g., benzene nucleus, naphthalene nucleus, biphenyl nucleus, 
and anthracene nucleus) ; and 

compounds in which four carboxyl groups are bound point- 
symmetrically to two monocyclic aromatic rings (e.g., benzene 
nuclei) linked by a group such as -CO-, -0-, -CH2- or -SO2-, or by 
a single bond. 

Specific examples of symmetric aromatic tetracarboxylic 
acids include 1, 2,4, S-benzenetetracarboxylic acid, 2,3,6,7- 
naphthalenetetracarboxylic acid, 3, 3' , 4, 4' - 
biphenyltetracarboxylic acid, 3, 3' , 4, 4' -benzophenone 
tetracarboxylic acid, 3,3' ,4,4'-diphenyl ether tetracarboxylic 
acid, 3,3',4,4'-diphenylmethanetetracarboxylic acid, and 
3, 3' , 4, 4' -diphenylsulfonetetracarboxylic acid. 

Examples of symmetric aromatic tetracarboxylic acid 
diesters (i.e., half esterified) for use in the present invention 
include diesters of such symmetric aromatic tetracarboxylic acids 
(i.e., half esterified). Specific examples thereof include 
compounds in which two of the four carboxyl groups of the 
symmetric aromatic tetracarboxylic acid are esterified with one 
of each pair of adjacent carboxyl groups on an aromatic ring 
being esterified. 

Examples of the two esters of such symmetric aromatic 
tetracarboxylic acid diesters include di (lower alkyl) esters, and 
preferably C1-3 alkyl esters, such as dimethyl esters, diethyl 
esters, and dipropyl esters (particularly, dimethyl esters). 

Among such symmetric aromatic tetracarboxylic acid 
diesters, 3, 3' , 4 , 4' -biphenyltetracarboxylic acid dimethyl esters, 
3, 3', 4, 4 '-biphenyltetracarboxylic acid diethyl esters, 1,2,4,5- 
benzenetetracarboxylic acid dimethyl esters, and 1,2,4,5- 
benzenetetracarboxylic acid diethyl esters are preferable, with 
3, 3', 4, 4' -biphenyltetracarboxylic acid dimethyl esters being 
particularly preferable. 

Symmetric aromatic tetracarboxylic acid diesters as above 




are commercially available, and can also be produced by known 
methods. They can be easily produced, for example, by a known 
method of reacting the corresponding symmetric aromatic 
tetracarboxylic dianhydride with the corresponding alcohol (e.g., 
5 lower alcohol, preferably C1-3 alcohol) at a molar ratio of 1:2. 
By such a method, the acid anhydride, which is a starting 
material, reacts with the alcohol and thereby undergoes ring 
opening, providing a diester (half esterified) having an ester 
group and a carboxyl group on respective adjacent carbons on an 

10 aromatic ring. 

The mixing ratio for asymmetric and symmetric aromatic 
tetracarboxylic acid diesters is specified such that the 
proportion of asymmetric aromatic tetracarboxylic acid diester (s) 
is about 10 to about 50 mol% (and preferably about 20 to about 40 

15 mol%) and the proportion of symmetric aromatic tetracarboxylic 
acid diester (s) is about 90 to about 50 mol% (and preferably 
about 80 to about 60 mol%) . It is particularly preferable to use 
about 20 to about 30 mol% of asymmetric tetracarboxylic aromatic 
acid diester (s) and about 70 to about 80 mol% of symmetric 

20 aromatic tetracarboxylic acid diester (s). 

The combined use of such symmetric and asymmetric aromatic 
tetracarboxylic acid diesters is essential for the following 
reasons. Use of only symmetric aromatic tetracarboxylic acid 
diesters induces crystallization of a polyiraide film and thereby 

25 causes powderization of the film during heat treatment, which 
thus cannot achieve film formation. Although use of only 
asymmetric aromatic tetracarboxylic acid derivatives achieves the 
formation of a seamless tubular PI film, such an obtained film 
has inferior yield stress and elastic modulus, and, when used as 

30 a rotational belt, it suffers from problems such as low driving 
responsiveness and early elongation of the belt. 

In contrast, the use of mixed aromatic tetracarboxylic acid 
diesters achieves extremely high film-forming capability 
(formability) , and provides a semi-conductive seamless tubular PI 

35 film having high yield stress and elastic modulus. 
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Further, the addition of an asymmetric aromatic 
tetracarboxylic acid diester presumably causes a polyamic acid 
molecule to bend, thereby imparting flexibility. 

The effects of the coexistence of such asymmetric and 
5 symmetric aromatic tetracarboxylic acid diesters are most 
apparent when they are mixed at a ratio as specified above. 

(3) Aromatic diamine 

Examples of aromatic diamines include compounds having two 
10 amino groups on a single aromatic ring (e.g., benzene nucleus), 
and compounds having two amino groups in which two or more 
aromatic rings (e.g., benzene nuclei) are linked by a group such 
as -0-, -S-, -CO-, -CHz-, -SO- or -SO2-, or by a single bond. 
Specific examples thereof include p-phenylenediamine, o- 
15 phenylenediamine, m-phenylenediamine, 4, 4' -diaminodiphenyl ether, 
4, 4' -diaminodiphenyl thioether, 4, 4' -diaminodiphenylcarbonyl, 
4, 4' -diaminodiphenylmethane, and 1, 4-bis (4-aminophenoxy) benzene. 
Among these, 4, 4' -diaminodiphenyl ether is particularly 
preferable. Use of such an aromatic diamine allows the reaction 
20 to proceed more smoothly, and provides a film having greater 
toughness and higher heat resistance. 

(4) Semi -conductive high-concentration polyimide precursor 
composition 

25 At least two aromatic tetracarboxylic acid diesters and an 

approximately equimolar amount of at least one aromatic diamine 
are added to a prepared carbon black dispersion, and dissolved 
therein. 

Approximately equimolar amounts of aromatic tetracarboxylic 
30 acid component and organic diamine component are added to a 

carbon black dispersion, stirred, and uniformly dissolved therein, 
providing a semi -conductive high-concentration polyimide 
precursor composition. Heating may be performed (at, for example, 
about 40 to about 70 **C) , if necessary, for such uniform 
35 dissolution of the components in a carbon black dispersion. 
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Stirring or like known method can be employed to dissolve the 
components in the organic polar solvent therein. 

The aromatic tetracarboxylic acid diesters and aromatic 
diamine are used in an amount such that the proportion of carbon 
5 black in the carbon black dispersion is about 5 to about 35 parts 
by weight (and preferably about 8 to about 30 parts by weight) 
per 100 parts by weight of the total amount of the aromatic 
tetracarboxylic acid diesters and the aromatic diamine (s). The 
purpose of using the components in such an amount is to provide 

10 the film with volume resistivity (VR) and surface resistivity 
(SR) in a semi-conductive range. 

Such a semi-conductive high-concentration polyimide 
precursor composition presumably has a constitution in which, for 
example, ion pairs of carboxylate ions of the aromatic 

15 tetracarboxylic acid diesters and ammonium ions of the aromatic 
diamine are present in a substantially monomeric state in an 
organic polar solvent (see, e.g., the formula given below), 

ROOC COQ- 

Ar +H3N— Ar'-NH3+ 
-OOC ''COOR 

20 (Ar is a tetravalent residue obtained by removing two carboxyl 

groups and two ester groups from an aromatic tetracarboxylic acid, 
Ar' is a divalent residue obtained by removing two amino groups 
from an aromatic diamine, and R is an alkyl group) 

Such ions can be dissolved in an organic polymer solvent as 

25 above extremely easily because of their substantially monomeric 
state, thus providing the advantage that the amount of solvent 
used can be minimized. 

The composition may have a high nonvolative content of, for 
example, about 35 to about 60% by weight, and preferably about 40 

30 to about 60% by weight. This nonvolatile matter may have a CB 
content of, for example, about 4 to about 30% by weight, and 
preferably about 10 to about 25% by weight. ''Nonvolatile content" 
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as used herein means a content measured by the method described 
in Example 

Additives such as imidazole compounds (e.g., 2- 
methylimidazole, 1, 2-dimethylimidazole, 2-methyi-4- 
5 raethylimidazole, 2-ethyl-4-ethylimidazoler and 2-phenylimidazole) 
and surfactants (e.g., fluorosurfactants) can be added to the 
composition, within ranges that the effects of the present 
invention are not adversely affected. 

A semi-conductive PI precursor composition is thereby 
10 produced, in which CB powder is uniformly dispersed and 
nonvolatile matter is dissolved or dispersed at a high 
concentration. 

Because the semi-conductive high-concentration PI precursor 
composition of the present invention is obtained by dissolving' 

15 aromatic tetracarboxylic acid diesters and an aromatic diamine 
component in a carbon black dispersion prepared by uniformly 
dispersing CB powder, the composition has CB powder uniformly 
dispersed therein, and the storage stability of the uniform 
dispersion of the carbon black is remarkably improved. Further, a 

20 conductive polyimide tube formed by rotationally molding such a 
semi-conductive PI precursor composition has excellent 
conductivity, i.e., extremely stable and uniform electrical 
resistivity in the thickness direction. 

Because monomer starting materials are dissolved in a 

25 carbon black dispersion, the semi --conductive high-concentration 
PI precursor composition of the present invention has a 
remarkably increased nonvolatile content of about 35 to about 60% 
by weight. Accordingly, using the semi-conductive high- 
concentration PI precursor composition of the present invention, 

30 a thick film can be readily produced, and, because only a small 
amount of solvent is required, costs can be reduced and the 
evaporative removal of solvent can be simplified. 

Further, the semi -conductive high-concentration PI 
precursor composition of the invention has an increased viscosity 

35 of about 10 to about 60 poise, and accordingly, in the production 
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of a PI film, effects of centrifugal force during rotational 
molding are reduced- 

D-2> Semi-conductive seamless tubular polyimide film 
5 Hereinafter, a process of forming a semi-conductive 

seamless tubular PI film using a semi -conductive PI precursor 
composition as prepared above is described. 

Rotational molding using a rotating drum is employed for 
this formation process. First, a semi -conductive PI precursor 

10 composition is introduced into a rotating drum and uniformly cast 
over the entire inner surface. 

The method for introduction /casting may be such that, for 
example, a semi-conductive PI precursor composition in an amount 
sufficient to provide the desired final film thickness is 

15 introduced into a rotating drum while stationary, and the 

rotational speed is then gradually raised to an extent that 
centrifugal force is generated. The conposition is cast uniformly 
over the entire inner surface by the centrifugal force. 
Alternatively, introduction/casting may be performed without 

20 using centrifugal force. According to one possible method, a 
horizontally elongated slit-like nozzle is arranged inside a 
rotating drum, and, while slowly rotating the drum, the nozzle is 
rotated (at a speed greater than the drum rotational speed) . The 
film-formation semi-condactive PI precursor composition is 

25 uniformly ejected from the nozzle over the entire inner surface 
of the drum. The drum is mounted on rotating rollers, and is 
rotated indirectly by the rotation of the rollers. 

A far-infrared radiation heater or like heat source is 
arranged around the drum, and heating is carried out indirectly 

30 by such an external heat source. The size of the drum depends on 
the size of the desired semi -conductive tubular PI film. 

Heating is first carried out so that the inner surface of 
the drum is gradually heated to about 100 to about 190 "C, and 
preferably to about 110 to about 130 *C (first heating step) . The 

35 rate of heating is about 1 to about 2 *^C/min. This tenperature is 
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maintained for 1 to 3 hours, so that approximately half or more 
of the solvent is volatized, and a self-supporting tubular film 
is thereby formed. Although imidization requires a temperature of 
280 ""C or higher, if heating is carried out at such a high 
5 temperature from the beginning, the polyimide becomes highly 
crystalline, which adversely affects the CB dispersion state, 
further causing problems such as a film thus formed lacking 
toughness. Therefore, as a first heating step, the temperature is 
raised not higher than about 190 **C, and the polycondensation 
10 reaction is completed at such a temperature, so as to obtain a 
tough tubular PI film. 

After this step, heating to complete imidization is then 

carried out as a second heating step at about 280 to about 400 °C 
(and preferably about 300 to about 380 °C) . In this step, the 

15 temperature is also preferably raised from the temperature of the 
first heating step gradually, rather than rapidly. 

The second heating step may be performed while the seamless 
tubular film is adhered to the inner surface of the rotating drum, 
or alternatively, it is also possible to separate and remove the 

20 seamless tubular film from the rotating drum after the first 

heating step, and separately heat the film to 280 to 400 °C by a 
heating means for imidization. Such imidization usually takes 
about 2 to 3 hours. Accordingly, the entire process of the first 
and second heating steps usually takes about 4 to about 7 hours 

25 in total. 

A semi-conductive tubular PI film of the invention is thus 
produced. The film usually has a thickness of about 30 to about 
200 |jim, although not limited thereto, and preferably about 60 to 
about 120 (im. When used as an electrophotographic intermediate 

30 transfer belt, a thickness of about 75 to about 100 \m is 
particularly preferable. 

The semiconductivity of the film is an electrical 
resistance property determined by the volume resistivity (Q-cm) 
(hereinafter referred to as "'VR") and surface resistivity (fl/sq) 

35 (hereinafter referred to as ''SR"). Such a property is due to CB 
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powder having been mixed and dispersed therein. Basically, the 
resistivity can be freely varied by varying the amount of CB 
powder to be mixed. The film of the invention may have, for 
example, a resistivity within the range of VR: 10^ to lO^'* and SR: 
5 10^ to 10^^ and preferably VR: 10^ to lO" and SR: lO'' to 10^^ 
Such a resistivity range can be easily achieved by using CB 
powder in an amount as specified above. The CB content of the 
film of the invention is usually about 5 to about 25% by weight, 
and preferably about 8 to about 20% by weight. 

10 The semi-conductive tubular PI film of the invention has 

extremely uniform electrical resistivity. More specifically, the 
semi-conductive tubular PI film of the invention is characterized 
by small variation in log surface resistivity SR and log volume 
resistivity VR; that is, thier log standard deviations of all the 

15 measurement points of the film are each 0.2 or less, and 

preferably 0.15 or less. The film of the invention is also 
characterized in that the difference in surface resistivities {in 
•terms of log) between its front and rear surfaces is as small as 
0,4 or less, and preferably 0.2 or less. The film of the 

20 invention is further characterized in that the value obtained by 
subtracting Log VR {log volume resistivity) from Log SR {log 
surface resistivity) can be maintained at a level as high as 1.0 
to 3.0, and preferably 1.5 to 3.0. 

The PI film of the invention is applicable to a wide range 

25 of uses due to its excellent electrical resistance properties and 
other characteristics. Examples of important applications that 
require electrostatic properties include electrophotographic 
intermediate transfer belts for color printers, color copying 
machines, or the like. Such a belt requires a semiconductivity 

30 (resistivity) of, for example, VR 10^ to 10^^ and SR 10^° to 10^\ 
and accordingly, the semi -conductive seamless tubular PI film of 
the invention is suitable. 

The semi-conductive PI film of the invention is highly 
efficient as a belt, and has high yield stress (Qy) and high 

35 tensile strength (Occ) • The yield stress (Oy) is 120 Mpa or more. 
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particularly 120 to 160 Mpa, and the ratio of tensile strength to 

yield stress {Oqi/oh) is 1-10 or more, particularly about 1.10 to 
about 1.35. 

5 BEST MODE OF CARRYING OPT THE INVENTION 

The present invention will be described below in greater 
detail with reference to Examples and Comparative Elxamples. The 
invention, however^ is not limited to these examples. 

10 A. First Embodiment 

The first embodiment will be described below in much 
greater detail with reference to Examples and Comparative 
Examples. 

In this example, yield stress (yield point stress), tensile 
15 strength, volume resistivity (VR) , surface resistivity (SR) , and 
nonvolatile matter content are measured as follows, 
[yield stress (MPa) (referred to as Oy) and tensile strength (MPa) 
(referred to as Ccr) ) 

A test piece 5 iron wide and 100 mm long was cut from a film 
20 as prepared in one of each of the Examples described below^ and 
was measured by a uniaxial tensile tester (Autograph, a product 
of Shimadzu) at a gauge length of 40 mm and a crosshead of 200 

mm/min. Based on the S-S curve recorded/ Oy and Occ were 
determined. 

25 These yield stress and tensile strength values a.re 

important factors in determining the strength of a material for a 
belt in preparing the same. The required minimum yield stress is 
at least 120 MPa so as to prevent plastic deformation 
(dimensional change by elongation) caused by stress applied 

30 during mounting. 

Moreover, the tensile strength needs to be higher than the 
yield stress, which contributes to the life (toughness) against 

rotations of the belt. As a guide, at least Oct/Or - 1.10 is 
required. 
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[VR and SR] 

A sample 400 mu long was cut from the obtained tubular film 
and was measured using a resistivity meter, ^'Hiresta IP/HR probe", 
manufactured by Mitsubishi Chemical Corporation at 40 points in 
5 total: five points in the width direction and eight points in the 
vertical direction (circumference) at the same pitch. 

Note that VR was measured while applying a voltage of 100 V, 
10 seconds after beginning to apply the voltage and SR was 
measured while applying a voltage of 500 V, 10 seconds after 
10 beginning to apply the voltage. 

[Nonvolatile matter content] 

A sample (monomer mixed solution, etc.) was precisely 
weighed using a heat-resistant container, such as a metal cup, 

15 etc., and the precisely measured weight of the sample was defined 
as ^'A" g. The heat-resistant container containing the sample was 
placed in an electric oven, and then heated and dried while 
raising the temperature of the oven gradually: 120°C for 12 
minutes, 180''C for 12 minutes, 260''C for 30 minutes, and 300°C for 

20 30 minutes. The solid matter weight (nonvolatile matter weight) 
thus determined was defined as ^'B" g. Five A values and five B 
values obtained from the same sample were measured (n=5) , and 
applied to the following formula (I) to determine the nonvolatile 
matter content. The average of the values obtained from the five 

25 samples was defined as the nonvolatile matter content in the 
invention. 

Nonvolatile matter content = B/A xl00(%) (I) 
Example A-1 

30 716.0g(2.0 mol) of 2, 3, 3' , 4' -biphenyltetracarboxylic acid 

dimethyl ester (half esterified product formed by the reaction of 
2 mol of methyl alcohol per mol of 2, 3,3', 4'- 
biphenyltetracarboxylic dianhydride) and 400.0 g (2.0 mol) of 
4, 4'-diajninodiphenyl ether were mixed at room temperature in 1540 

35 g of NMP solvent. The mixture was dissolved uniformly to form a 
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solution. This solution had a nonvolatile matter content of 34.6% 

by weight and a solution viscosity of about 250 mPa-s. The 
solution substantially did not undergo polycondensation and 
therefore was stable in a monomeric state. Hereinafter, this 
5 solution is referred to as "asymmetric monomer solution A". 

716.0 g (2.0 mol) of 3, 3' , 4, 4' -biphenyl tetracarboxylic acid 
dimethyl ester (half esterified product formed by the reaction of 
2 mol of methyl alcohol per mol of 3, 3', 4,4'- 
biphenyltetracarboxylic dianhydride) and 400.0 g (2.0 mol) of 
10 4,4' -diaminodiphenyl ether were mixed at room tenperature in 1540 
g of NMP solvent. The mixture was uniformly dissolved to form a 
solution. This solution had a nonvolatile matter content of 34.6% 

by weight and a solution viscosity of about 250 mPa-s. The 
solution substantially did not undergo polycondensation and 

15 therefore was stable in a monomeric state. Hereinafter, this 
solution is referred to as ''symmetric monomer solution B". 

The asymmetric monomer solution A and the symmetric monomer 
solution B were mixed thoroughly in the proportions shown in the 
rows of Ex. 1 and Ex, 2 of Table A-1 with 0.037% by weight (based 

20 on the nonvolatile matter content) of fluorosurfactant {EF-351, a 
product of Tohkera Products), followed by degassing, giving a 
monomer solution C. A predetermined amount of the solution was 
weighed out from the monomer solution C. Each solution was 
injected into a rotating drum; and films were formed under the 

25 following conditions. 

Rotating drum: A metal drum with a mirror-finished inner 
surface having an inner diameter of 100 mm and a width of 530 mm 
was placed on two rotating rollers in such a manner as to rotate 
with the rotation of the rollers. 

30 Injection amount of film-formation monomer solution C: 45.9 

g 

Heating temperature: A far-infrared heater was placed on 
the outer surface of the drum, so that the temperature of the 

inner surface of the drum was adjusted to be 170*C. 
35 45.9 g of each monomer solution was uniformly injected into 
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the bottom of the rotating drum in a non-rotating state. 
Immediately thereafter, rotation of the drum was started, and the 
rotation rate was gradually increased to 24 rad/s- Subsequently, 
the solution was uniformly applied over the entire inner surface^ 
5 of the drum by pouring it thereon, followed by heating. The 

heating temperature was increased gradually to 170*^C, at which the 
drum was further heated for 90 minutes while continuously 
rotating. 

After the 90-minute heating and rotation was complete, the 
10 drum was cooled to room temperature. The rotating drum was then 
taJcen off, and left to stand in a hot air circulating oven to be 
heated for imidization. The content was heated while gradually 

raising the heating temperature to 350**C, at which the content was 
further heated for 30 minutes, followed by cooling to room 
15 temperature. The tubular PI film formed on the inner surface of 
the drum was peeled off and removed. The measurement results 
obtained in each Exanple are shown in Table A-2. 



Table A-1 





Ex. 
No. 


Weight ratio of asymmetric 
monomer solution A and 
symmetric monomer solutjon B 


Mol% of asymmetric 
monomer solution A and 
symmetric monomer 
solution B 


CB powder amount, 
per 1 00 parts l>y weight of 
starting material monomer 
(parts by weight) 


Solution A 


Solution B 


Solution 
A 


Solution B 


Ex.A-1 


1 


200 


200 


50 


50 


0 


2 


80 


320 


20 


80 


0 


Com. 
Ex. A-1 


3 


280 


120 


70 


30 


0 


4 


40 


360 


10 


90 


0 


5 


0 


200 


0 


100 


0 


6 


200 


0 


100 


0 


0 


Ex.A-2 


7 


200 


200 


50 


50 


8.33 


Com. 

B(.Ar2 


6 


280 


120 


70 


30 


833 


9 


40 


360 


10 


90 


8.33 



20 
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Table A-2 





Ex. 

NO 


Rm 

Thfdkness 
dim) 


Yield 
stress 

aY(MPa) 


Tensile 
strength 

abr(MPa) 


acr/Ov 


VR 

cm/ 


SR(Q/sq) 


Note 


Ex.A-1 


1 


85 


132.5 


147 


1.11 


2.8><10^^ 


10x10'* 




Com. 
Ex.A-1 






• •fO 




1.19 


Same as 
above 


Same as 
atxjve 






85 


1235 


123.5 


1 

■ 


Same as 
above 


Same as 
above 




4 


* 








■ 




fragile and 
unmeasuratile 


5 


• 








m 




fragile and 
immeasurable 


6 


85 


116 


117.5 


0^99 


2.8x10'^ 


1.0x10'^ 




Ex. A-2 


7 


65 


131 


144.5 


1.1 


3.0x10'^ 


1.4x10''' 




Com. 
Ex. A-2 


8 


85 


1195 


120 


1 


4.2x10'° 


5.0x10'^ 




9 














fragile and 
unmeasurabte 



Comparative Example A-l 

The same procedure as in Example A-1 was performed except 
5 that the asymmetric monomer solution A and the symmetric monomer 
solution B as prepared in Example A-1 were mixed in the 
proportions shown in the rows of Exs, 3 to 6 of Table A-1. The 
results of each example are shown in Table A-2. 

10 Example A-2 

The asymmetric monomer solution A and the symmetric monomer 
solution B as prepared in Example A-1 were uniformly mixed in the 
proportions shown in the row of Ex. 7 of Table A-1 in the same 
manner as in Example A-1. Thereafter, 14.0 g (8.33 parts by 

15 weight per 100 parts by weight of the total amount of all the 
monomers) of CB powder (pH 3, particle diameter of 23 nm) was 
added to the solution. The mixture was thoroughly mixed and 
dispersed using a ball mill, and finally degassed, yielding a 
film-formation semi-conductive monomer solution. The film- 

20 formation semi-conductive monomer solution had a nonvolatile 
matter content of 36,8% by weight and a CB content in the 
nonvolatile matter of 9.19% by weight. 

45.9 g of the solution was weighed out, and poured into a 
rotating drum in the same manner as in Example A-1. The result 
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was formed and imidized under the same conditions as in Example 
A-1. The imidized film was peeled off and removed for measurement. 
The measurement results of the sample are shown in Table A-2. 

Comparative Example A-2 

The asymmetric monomer solution A and the symmetric monomer 
solution B as prepared in Example A-1 were uniformly mixed in the 
proportions shown in the rows of Exs. 8 and 9 of Table A-1 in the 
same manner as in Example A-1. Thereafter, CB powder was added to 
each solution in an amount of 8.33 parts by weight, per 100 parts 
by weight of the total amount of all the monomers in the same 
manner as in Example A-2. Each mixture was thoroughly mixed and 
dispersed using a ball mill, and finally degassed, yielding a 
film-formation semi-conductive monomer solution. Each film- 
formation semi-conductive monomer solution had a nonvolatile 
matter content of 36.8% by weight and a CB content in the 
npnvolatile matter of 9.19% by weight. 

45.9 g of each solution was weighed out, and poured in a 
rotating drum in the same manner as in Example A-1. The results 
were formed and imidized under the same conditions as in Example 
A-1. The imidized films were peeled off and removed for 
measurement. The measurement results of each film are shown in 
Table A-2. 

B. Second Embodiment 
The second embodiment will be described below in much 
greater detail with reference to examples and comparative 
examples . 

Example B-1 

358-0 g (1.0 mol) of 2,3, 3' , 4' -biphenyltetracarboxylic acid 
dimethyl ester (diester product formed by the reaction of 2 mol 
of methyl alcohol per mol of 2,3, 3' , 4' -biphenyltetracarboxylic 
dianhydride) , 358.0 g (1.0 mol) of 3, 3' , 4, 4' -biphenyl 
tetracarboxylic acid dimethyl ester (diester product formed by 
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the reaction of 2 mol of methyl alcohol per mol of 3, 3', 4,4'- 
biphenyltetracarboxylic dianhydride) , and 400 g (2 mol) of 4,4'- 
diaminodiphenylether were mixed and uniformly dissolved in 1674 g 
of NMP solvent at 60**C to form a solution. Subsequently, the 
5 solution was heated while raising the temperature to lOO^C over 
one hour, at which the solution was further heated for one hour, 
followed by cooling. This solution was in the oligomeric state 
and had a nonvolatile matter content of 32.9% by weight and a 
number average molecular weight of 2000, and is referred to as 

10 ''oligomer mixed solution A". 

To 1000 g of the oligomer mixed solution A were added 71.7 
g of carbon black (CB) powder (pH 3, particle diameter 23 nm) and 
142.5 g of NMP. The mixture was thoroughly mixed and dispersed 
using a ball mill and finally degassed, giving a film-formation 

15 semi-conductive oligomer solution. This semi -conductive oligomer 
solution had a nonvolatile matter content of 33.0% by weight and 
a CB content in the nonvolatile matter of 17-89% by weight. 

109 g of the solution was weighed out, poured in a rotating 
drum; and formed under the following conditions. 

20 Rotating drum: A metal drum with a mirror-finished inner 

surface having an inner diameter of 175 mm and a width of 540 mra 
was placed on two rotating rollers in such a manner as to rotate 
with the rotation of the rollers. 

Heating temperature: A far-infrared heater was placed on 

25 the outer surface of the drum, so that the temperature of the 

inner surface of this drum was adjusted to be 120**C. 

109 g of the solution was uniformly applied to the inner 
surface of the drum as it was rotating, and then heated. The 
heating temperature was gradually raised by 2'*C/min to reach 120'C. 
30 The rotating drum was then heated at 120*^C for 90 minutes while 
continuously rotating. 

After the rotation and heating was complete, the drum was 
not cooled but removed. The drum was then left to stand in a hot 
air-circulating oven to be heated for imidization. The drum was 
35 heated while gradually raising the heating temperature to 320*C, 
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at which the content was further heated for 30 minutes, followed 
by cooling to room temperature. Subsequently, the semi-conductive 
tubular PI film formed on the inner surface of the drum was 

peeled off and removed. The thickness of the film was 90 (im. 
5 The ^^nonvolatile matter content" in the specification was 

calculated as follows. A sample (semi-conductive oligomer 
solution, etc.) was precisely weighed using a heat-resistant 
container, such as a metal cup, etc., and the precisely-measured 
weight of the sample was defined as "A" g. The heat-resistant 

10 container containing the sanple was placed in an electric oven, 
and then heated and dried while raising the temperature 
gradually: 120X for 12 minutes, 180°C for 12 minutes, 260''C for 
30 minutes, and 300*'C for 30 minutes. The solid matter weight 
(nonvolatile matter weight) thus determined was defined as ^'B" g. 

15 Five A values and five B values obtained from the same sample 
were measured {n=5) , and applied to the following formula (I) to 
determine the nonvolatile matter content. The average of the 
values obtained from the five samples was defined as the 
nonvolatile matter content in the invention. 

20 Nonvolatile matter content « B/A xlOO(%) (I) 

Reference Example B-1 

Carboxylic acid dimethyl ester and diaminodiphenyl ether 
were mixed in the same proportions as in Example B-1, and the 

25 mixture was dissolved at 60°C to form a solution. The solution 
was cooled. This solution had a nonvolatile matter content of 
32.9% by weight and was substantially in a monomeric state, and 
is referred to as ^'monomer mixed solution A". 

To 1000 g of the monomer mixed solution A were added 31.0 g 

30 of CB powder (pH 3, particle diameter 23 nm) and 60.0 g of NMP. 
The mixture was thoroughly mixed and dispersed using a ball mill 
and finally degassed, giving a film- format ion semi-conductive 
monomer solution. This semi -conductive monomer solution had a 
nonvolatile matter content of 33.0% by weight and a CB content in 

35 the nonvolatile matter of 8.61% by weight. 
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109 g of the solution was weighed out. Then, in the same 
manner as in Example B-1, the solution was heated and formed, 
giving a semi-conductive tubular PI film, and the film was peeled 
off and removed. The thickness of the film was 92 jim. 

5 

Example B-2 

143.2 g (0.4 mol) of 2, 3, 3' , 4' -biphenyltetracarboxylic acid 
dimethyl ester (diester product formed by the reaction of 2 mol 
of methyl alcohol per 1 mol of 2,3,3' ,4'-biphenyltetracarboxylic 

10 dianhydride) , 572.8 g (1.6 mol) of 3, 3' , 4, 4' -biphenyl 
tetracarboxylic acid dimethyl ester (diester product formed by 
the reaction of 2 mol of methyl alcohol per mol of 3, 3', 4,4'- 
biphenyltetracarboxylic dianhydride), and 400 g (2 mol) of 4,4'- 
diaminodiphenylether were mixed and dissolved uniformly in 1674 g 

15 of NMP solvent at 60**C to form a solution. Subsequently, the 
solution was heated while raising the temperature to 110**C over 
one hour, at which the solution was further heated for one hour, 
followed by cooling. This solution was in the oligomeric state 
and had a nonvolatile matter content of 32.9% by weight and a 

20 number average molecular weight of 4000, and is referred to as 
''oligomer mixed solution B'^ 

To 1000 g of the oligomer mixed solution B were added 78.9 
g of CB powder (pH 3, particle diameter 23 nm) and 157.1 g of NMP. 
The mixture was thoroughly mixed and dispersed using a ball mill 

25 and finally degassed, giving a film-formation semi-conductive 
oligomer solution. This semi-conductive oligomer solution had a 
nonvolatile matter content of 33.0% by weight and a CB content in 
the nonvolatile matter of 19.34% by weight. 

109 g of the solution was weighed out, and poured in a 

30 rotating drum. In the same manner as in Example B-1, the solution 
was heated and formed, giving a semi-conductive tubular PI film, 
and the film was peeled off and removed. The thickness of the 
film was 89 (jm. 

35 Comparative Example B~l 
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Carboxylic acid dimethyl ester and diaminodiphenyl ether 
were mixed in the same proportions as in Exanple B-1, and the 
mixture was dissolved by heating at eO-'C, to form a solution. 
Subsequently, the solution was heated while raising the 
5 temperature to ISO'C over one hour, at which the solution was 
further heated for one hour, followed by cooling. After cooling, 
the solution became turbid and formed a gel-like solid, and thus 
was not used for film formation. 

The gel was not re-dissolved even when diluted in a solvent. 
10 The measurement of imidization proportion of the gel formed 
showed that approximately 35% imidization proceeded. This is 
presumably because the heating temperature was too high and 
therefore imidization excessively proceeded, which lowered the 
solubility and thus the resin content was precipitated. 

15 

Test Example B-1 

The film formation conditions of Examples B-1, B-2, 
Reference Example B-1, and Comparative Example B-1, and the 
measured electrical resistivities of the films obtained are shown 
20 in Table B-1. Table B-1 shows the average and standard deviations 
of surface resistivities and volume resistivities in terms of log. 



[Number average molecular weight] 

The number average molecular weight was determined by GPC 
25 (solvent: NMP, calculated with reference to polyethylene oxide) . 
[Imidization proportion] 

The imidization proportion was determined using an infrared 
spectroscopy based on an intensity ratio of imide absorption 
(1780 cm"^) and benzene ring absorption (1510 cm'^) . The benzene 
30 ring absorption was used as a control because it did not change 
in an imide precursor or Imidized product. 

[Measurement of surface resistivity (SR) and volume resistivity 
(VR)] 

A san^Jle 400 ram long was cut from the obtained tubular film 
35 and was measured using a resistivity meter, "Hiresta IP/HR probe" 
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^„utactured by Mitsubishi Ch»dcal Corporation at 12 po.nt, .n 
total: thr.. points in the width direction and four points .n the 
vertical direction (circumference, at the sa« pitch. The average 

values were then obtained. 

Note that the volume resistivity VR was measured while 
applying a voltage of 100 V, 10 seconds after beginning to apply 
the voltage and SR was measured while applying a voltage of 500 V, 
10 seconds after beginning to apply the voltage. 
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Table B-1 shows that the standard deviations of the 
surface resistivities and the volume resistivities of the 
films of the Examples are very small, i.e., less variation, 
compared with those the films of Reference Examples and 
5 Comparative Examples. 

Moreover, the differences in surface resistivities (in 
terms of log) between the front and rear surfaces of the 
films of Examples are extremely small, and thus are 
preferable as intermediate transfer belts for use in color 
10 copiers. 

Furthermore, in general, an increase in the heating 
temperature elevation rate during film formation lowers the 
value (Log (SR/VR) ) obtained by subtracting volume 
resistivity in terms of log (LogVR) from the surface 

15 resistivity in terms of log (LogSR) . Therefore, the use of a 
film with such characteristic for a transfer belt results in 
failure of appropriate electrically charging and/or 
electrically discharging, which leads to poor image quality. 
It was however confirmed that this value is maintained as 

20 high as 1. 0-3.0 by the use of an oligomer mixed solution, 
thereby further increasing film productivity. 

C. Third embodiment 
The third embodiment will be described in much greater 
25 detail with reference to Examples and Comparative Examples. 
Hereinafter, 2, 3, 3' , 4' -biphenyltetracarboxylic dianhydride is 
referred to as ''a-BPDA'' and 3, 3' , 4 , 4 ' -biphenyl 
tetracarboxylic dianhydride is referred to as ^'s-BPDA". The 
number average molecular weight was measured by GPC (solvent: 
30 NMP) . 

Example C-1 

22.8 g of methanol and 160 g of N-methyl-2-pyrrolidone 
were added to 14 g (20 moll) of a-BPDA and 56 g (80 mol%) of 
35 s-BPDA to react at a bath temperature of 70*C under a 
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nitrogen stream. After cooling the bath temperature to 
47.6 g of 4,4' -diaminodiphenyl ether (ODA) was added, 
followed by gentle stirring, giving 300,4 g of nylon salt 
monomer solution. This solution had a viscosity of 1.8 poise 
and a nonvolatile matter content of 36.3% by weight. 

Separately, 47.6 g of ODA was added to 488 g of N- 
methyl-2-pyrolidone under a nitrogen stream. The mixture was 
kept warm at 50*^0, and then completely dissolved by stirring. 
A powder comprising a mixture of 35 g of a-BPDA and 35 g of 
s-BPDA was gradually added to this solution, giving 605.6 g 
of a polyamic acid solution. This polyamic acid solution had 
a number average molecular weight of 16000, viscosity of 30 
poise, and nonvolatile matter content of 18.0% by weight. 

100 g of the nylon salt monomer solution and 80 g of 
the polyamic acid solution were mixed, giving 180 g of a 
polyimide-based precursor solution having a viscosity of 13 
poise and nonvolatile matter content of 28,2% by weight. 

7.5 g of acidic carbon black (pH 3.0) and 16.7 g of N- 
methyl-2-pyrrolidone were added to 150 g of this precursor 
solution to uniformly disperse the carbon black using a ball 
mill. This masterbatch solution had a nonvolatile matter 
content of 28.6% by weight; CB content in the nonvolatile 
matter of 15.1% by weight; mean particle diameter of carbon 
black of 0.28 |im; and maximum particle diameter of carbon 
black of 0.58 \m, Ten days Later, the mean particle diameter 
and maximum particle diameter of the carbon black hardly 
changed, and were 0.28 jun and 0,7 6 ^im, respectively. 

The '^nonvolatile matter content" in the specification 
was calculated as follows. A sample {nylon salt monomer 
solution, etc.) was precisely weighed using a heat-resistant 
container, such as a metal cup, etc., and the precisely- 
measured weight of the sample was defined as ''A'' g. The 
heat-resistant container containing the sample was placed in 
an electric oven, and then heated and dried while raising the 
temperature gradually: 120°C for 12 minutes, 180"C for 12 
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minutes, 260^C for 30 minutes, and 300*^0 for 30 minutes. The 
solid matter weight (nonvolatile matter weight) obtained was 
defined as ''B" g. Five A values and five B values obtained 
from the same sample were measured (n=^5) , and applied to the 
following formula (I) to determine nonvolatile matter content. 
The average of the values obtained from the five samples was 
defined as the nonvolatile matter content in the invention. 

Nonvolatile matter content = B/A xlOO(%) (I) 

* 

Example C-2 

22.8 g of methanol and 160 g of N-methyl-2-pyrrolidone 
were added to 35 g (50 mol%) of a-BPDA and 35 g (50 mol%) of 
s-BPDA to react at a bath temperature of 80**C under a 
nitrogen stream. After cooling the bath temperature to eS'C, 
47.6 g of 4, 4' -diaminodiphenyl ether (ODA) was added, 
followed by gentle stirring, giving 300.4 g of nylon salt 
monomer solution. This solution had a viscosity of 1.8 poise 
and a nonvolatile matter content of 36.3% by weight. 

Separately, 47.6 g of ODA was added to 488 g of N- 
methyl-2-pyrolidone under a nitrogen stream. The mixture was 
kept warm at 50°C, and completely dissolved by stirring. 70 
g of s-BPDA was gradually added to this solution, giving 
605.6 g of a polyamic acid solution. This polyamic acid 
solution had a number average molecular weight of 12000, 
viscosity of 12 poise, and nonvolatile matter content of 
18.0% by weight. 

100 g of the nylon salt monomer solution and 80 g of 
the polyamic acid solution were mixed, giving 180 g of a 
polyimide-based precursor solution having a viscosity of 5.2 
poise and a nonvolatile matter content of 28.2% by weight. 

7.5 g of acidic carbon black (pH 3.0) and 16.7 g of N- 
methyl-2-pyrrolidone were added to 150 g of this precursor 
solution to uniformly disperse the carbon black using a ball 
mill. This masterbatch solution had a nonvolatile matter 
content of 28.6% by weight; CB content in the nonvolatile 
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matter of 15.1% by weight; mean particle diameter of carbon 
black of 0.31 \m; and maximum particle diameter thereof of 
0.77 Jim. Ten days later, the mean particle diameter and 
maximum particle diameter of the carbon black hardly changed, 
and were 0.31 |im and 0.88 respectively. 

Example C~3 

22.8 g of methanol and 250 g of N-methyl-2-pyrrolidone 
were added to 21 g (30 raol%) of a-BPDA and 49 g (70 mol%) of 
s-BPDA to react at a bath temperature of 80°C under a 
nitrogen stream. After cooling the bath temperature to 65*C, 
47.6 g of 4,4'-diaminodiphenylether (ODA) was added, followed 
by gentle stirring, giving 390.4 g of nylon salt monomer, 
solution. This solution had a viscosity of 0.7 poise and 
nonvolatile matter content of 27.9% by weight. 

To 200 g of the nylon salt monomer solution was added 
110 g of a polyamideimide solution (VYLOMAX HR-16NN, a 
product of TOYOBO) having a number average molecular weight 
of 21000, solids content of 14% by weight, and viscosity of 
500 poise), giving 310 g of polyimide-based precursor 
solution having a viscosity of 18 poise and a nonvolatile 
matter content of 23.0% by weight. 

10.9 g of acidic carbon black (pH 3.0) and 25.2 g of 
N-methyl-2-pyrrolidone were added to 260 g of this precursor 
solution to uniformly disperse the carbon black using a ball 
mill. This masterbatch solution had a nonvolatile matter 
content of 23.9% by weight; CB content in the nonvolatile 
matter of 15.4% by weight; mean particle diameter of carbon 
black of 0.215 \ua; and the maximum particle diameter of 
carbon black of 0.51 nm. Ten days later, the mean particle 
diameter and maximum particle diameter of the carbon black 
hardly changed, and were 0.218 |Jim and 0.58 [mi, respectively. 



Reference Example C-1 

To 200 g of the nylon salt monomer solution as 
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prepared in Example C-1 were added 13.5 g of acidic carbon 
black (pH 3.0) and 120 g of organic solvent (NMP) . The 
mixture was primarily dispersed using a ball mill. This 
solution had a viscosity of 5 poise; nonvolatile matter 
5 content of 25.8% by weight; CB content in the nonvolatile 
matter of 15.7% by weight; mean particle diameter of carbon 
black of 0.39 fjun; and maximum particle diameter of carbon 
black of 2.26 \m. Ten days later, the mean particle diameter 
and maximum particle diameter of the carbon black were 0.7 9 
10 |jun and 7.70 \m, respectively. It was confirmed that the 
carbon black particles had aggregated. 

Reference Example C-2 

47.6 g of ODA was added to 450 g of N-methyl-2- 

15 pyrolidone under a nitrogen stream. The mixture was kept 
warm at 50^*0, and completely dissolved by stirring. 70 g of 
s-BPDA was gradually added to this solution, giving 567.6 g 
of polyamic acid solution. This polyamic acid solution had a 
number average molecular weight of 5000, viscosity of 6.6 

20 poise, and nonvolatile matter content of 19.2% by weight. 80 
g of this solution and 100 g of the nylon salt monomer 
solution as prepared in Example C-2 were mixed, giving 180 g 
of a polyimide-based precursor solution. To this precursor 
solution were added 9.5 g of acidic carbon black (pH 3.0) and 

25 120 g of organic solvent (NMP) . The mixtujre was primarily 
dispersed using a ball mill. This solution had a viscosity 
of 6 poise; nonvolatile matter content of 19.8% by weight; CB 
content in the nonvolatile matter of 15.5% by weight; mean 
particle diameter of carbon black of 0.26 |im; and maximum 

30 particle diameter of 0.87 \m. Ten days later, the mean 
particle diameter and maximum particle diameter of the carbon 
were 0.77 [m and 5.10 jim, respectively. It was confirmed 
that the carbon black particles had aggregated. 

35 Example C-4 (Preparation of a tubular polyimide-based film by 
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rotational molding) 

The solutions as prepared in Examples C-1, C-2, C-3, 
and Reference Examples C-1 and C-2 were uniformly applied, in 
a width of 480 mm, to the inside of cylindrical metal molds 
5 with an outer diameter of 300 mm, inner diameter of 270 mm, 
and length of 500 mm while rotating the metal mold at 
rotational speed of 100 rpm (10.5 rad/s) • The coating 
thickness was determined based on the nonvolatile matter 
content in such a manner as to obtain a polyimide belt 

10 thickness of 100 jmt. The solvent was evaporated by heating 
to 110**C over 60 minutes, and further heating while 
maintaining the temperature at llO'^C for 120 minutes. Thus, 
a self-supporting tubular article was obtained. 

Subsequently, this tubular article was placed in a 

15 high temperature heating furnace while adhered to the inside 
of the cylindrical metal mold. The temperature of the 
furnace was increased to 320°C over 120 minutes, at which the 
furnace was heated for 60 minutes for polyimidization, giving 
a tubular polyimide film. After cooling to room temperature, 

20 the tubular polyimide film was removed from the metal mold. 
The surface condition was evaluated visually. 

The surface resistivity (SR) and volume resistivity 
(VR) were measured as follows. A sample 400 mm long was cut 
from the obtained tubular polyimide film and was measured 

25 using a resistivity meter, /'Hiresta IP/HR probe'' .manufactured 
by Mitsubishi Chemical Corporation at 12 points in total: 
three points in the width direction and four points in the 
vertical direction (circumference) at the same pitch. The 
average values were then obtained. 

30 Note that the volume resistivity VR was measured while 

applying a voltage of 100 V, 10 seconds after beginning to 
apply the voltage and SR was measured while applying a 
voltage of 500 V, 10 seconds after beginning to apply the 
voltage. 

35 The measurement results are summarized in Table C-1. 
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Table C-1 shows the average and standard deviations 
surface resistivities and volume resistivities in terms o 
log. Note that the CB content in the tubular article and th 
thickness thereof are also shown in Table C-1. 
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Table C-1 







Ex. 
C-1 


Ex. 
C-2 


Ex. 
C-3 


Ref. Ex, 

C-1 


Ref. Ex, 

V./-Z 


Surface condition 





Fine 


Fine 


Fine 


Aaareaate 


Aaareaate 


Front surface 


Average 


10.28 


10.51 


10.34 


7.01 


8.84 


resistivity 
Log (0/sq) 


Standard deviation 


0.15 


0.07 


0.03 


0.05 


0.10 


Rear surface 


Average 


10.31 


10.53 


10.37 


8.83 


10.28 


resistivity 
Log (fl/sq) 


Standard deviation 


0.14 


0.07 


0.03 


0.61 


0.14 


Volume resistivity 
Log (Ocm) 


Average 


6.63 


8.63 


8.92 


9.64 


8.7 


Standard deviation 


0.07 


0.04 


0.06 


0.26 


0.2 


Difference in surface 
resistivities 
between front 
and rear surfaces 


Index 




n n9 


0 03 


1 82 


1.44 


Difference in surface 
resistivities 
between front 
and rear surfaces 


Index 


1.66 


1.88 


1.42 


-2.62 


0.14 


CB content 
(% by weight) 




15.1 


15,1 


15.4 


15.7 


15.5 


Average thickness 
(urn) 




100 


100 


100 


100 


100 



Table C-1 shows that the standard deviations of the 
surface resistivities and the volume resistivities in the 
5 tubular articles of Examples are very small, i.e., less 
variation, compared with those of the tubular articles of the 
Reference Examples. 

Moreover, the differences in surface resistivities (i^n 
terms of log) between the front and rear surfaces of the 

10 tubular articles of Examples are extremely small compared 
with those of the tubular articles of the Reference Examples, 
and thus the tubular articles of Examples have advantageous 
properties as intermediate transfer belts for use in 
elect rographic systems, 

15 Furthermore, in general, an increase in the heating 

temperature elevation rate during film formation lowers the 
value (Log (SR/VR) ) obtained by subtracting the volume 
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resistivity in terms of log (LogVR) from the surface 
resistivity in terms of log (LogSR) . Therefore, the use of a 
film with such characteristics for a transfer belt results in 
failure of appropriate electrically charging and/or 
electrically discharging, which leads to poor image quality. 
It was however found that this value is maintained as high as 
1.0-2.0 by the use of a semi-conductive PI precursor 
composition of the invention. 

In contrast, the front surface resistivities of the 
tubular articles of the Reference Examples were smaller than 
the rear surface resistivities thereof. A concentration 
gradient of carbon black presumably occurred in the thickness 
direction of the tubular articles. As a result, the volume 
resistivity was high and variation was large. 

D, Fourth Embodiment 
The fourth embodiment will be described in much 
greater detail with reference to Examples and Comparative 
Examples . Hereinafter, 2, 3, 3' , 4' -biphenyltetracarboxylic 
dianhydride is referred to as ^^a-BPDA" and 3, 3', 4,4'- 
biphenyltetracarboxylic dianhydride is referred to as "'s- 
BPDA", 

Example D-1 

To 153 g of N-methyl-2-pyrrolidone as an organic polar 
solvent, 27 g of acidic carbon black (pH 3.0, volatile matter 
14.5%) was added. The mixture was preliminarily dispersed, 
followed by primary dispersion using a ball mill. The mean 
particle diameter of carbon black was 0.29 fmi and the maximum 
particle diameter thereof was 0.55 |im. Subsequently, to 120 
g of this solution, 22.8 g of methanol, 14 g of a-BPDA and 56 
g of s-BPDA were added to react at a bath temperature of 60**C 
under a nitrogen stream. 

After cooling the bath temperature to 50'*C, 47.6 g of 
4, 4' -diaminodiphenyl ether (ODA) was added, followed by 
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gentle stirring^ giving 260 g of a carbon black-dispersed 
high-concentration polyimide-precursor composition comprising 
monomers. The solution had a viscosity of 32 poise; 
nonvolatile matter content of 48.9% by weight; CB content in 
5 the nonvolatile matter of 14.2% by weight; mean particle 
diameter of carbon black of 0,29 \m: and maximum particle 
diameter thereof of 0.58 |im. Ten days later, the mean 
particle diameter and the maximum particle diameter of the 
carbon black hardly changed, and were 0.31 \m and 0.67 \m, 

10 respectively. 

The ''nonvolatile matter content" in the specification 
was calculated as follows. A sample (carbon black-dispersed 
high-concentration polyimide-precursor composition) was 
precisely weighed using a heat-resistant container, such as a 

15 metal cup, etc., and the precisely-measured weight of the 
sample was defined as ''A" g. The heat-resistant container 
containing the sample was placed in an electric oven, and 
then heated and dried while raising the temperature 
gradually: 120°C for 12 minutes, 180^C for 12 minutes, 260^*0 

20 for 30 minutes, and 300^*0 for 30 minutes. The solid matter 
weight (nonvolatile matter weight) obtained was defined as 
''B" g. Five A values and five B values obtained from the 
same sample were measured (n=5), and applied to the following 
formula (I) to determine the nonvolatile matter content. The 

25 average of the values obtained from the five samples was 
defined as the nonvolatile matter content in the invention. 
Nonvolatile matter content = B/A xl00(%) (I) 

Example D~2 

30 To 120 g of N-methyl-2-pyrrolidone as an organic polar 

solvent, 10 g of furnace black (pH 9.0,. volatile matter 1.5%) 
was added. The mixture was preliminarily dispersed, followed 
by primary dispersion using a ball mill. The mean particle 
diameter of carbon black was 0.67 fim and the maximum particle 

35 diameter thereof was 3.92 \m. Subsequently, to 12.5 g of this 
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solution, 35 g of a-BPDA, 35 g of s-BPDA, and 22.8 g of 
methanol were added to react at a bath temperature of lO^C 
under a nitrogen stream. After cooling the bath temperature 
to SO^C, 47.6 g of 4 , 4' -diaminodiphenyl ether (ODA) was addedr 
followed by gentle stirring, giving 265 g of a carbon black- 
dispersed high-concentration polyimide-precursor composition 
comprising monomers. This solution had a viscosity of 12 
poise; nonvolatile matter content of 44.7% by weight; CB 
content in the nonvolatile matter of 8.2% by weight; mean 
particle diameter of carbon black of 0.77 (Am; and maximum 
particle diameter of carbon black of was 3.92 Mm. Ten days 
later, the mean particle diameter and the maximum particle 
diameter of the carbon black hardly changed, and were 0.77 |ijn 
and 4.47 \m, respectively. 

Comparative Example D-1 

To 600 g of high-molecular-weight polyamic acid 
solution prepared from s-BPDA and ODA (viscosity 50 poise, 
nonvolatile matter content 18.0% by weight), 20 g of acidic 
carbon black (pH 3.0, volatile matter 14.5%) was added, 
followed by primary dispersion using a ball mill. The 
resultant had a high viscosity and was in a gel-like form. 
The solution was then redispersed by adding 300 g of organic 
solvent (NMP) . This solution had a viscosity of 8 poise; 
nonvolatile matter content of 13.9% by weight; CB content in 
the nonvolatile matter of 15.6% by weight; mean particle 
diameter of carbon black of 0,32 {m; and maximum particle 
diameter thereof of 0.77 (m. Ten days later, the mean 
particle diameter and maximum particle diameter of the carbon 
black hardly changed, and were 0.32 \m and 0.77 \m, 
respectively. 



Reference Example D-1 

To 35 g (50 mol%) of a-BPDA and 35 g (50 mol%) of s- 
BPDA, 22.8 g of methanol and 160 g of N-methyl-2-pyrrolidone 
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were added to react under a nitrogen stream at a bath 
temperature of 70'C. After cooling the bath temperature to 
60'C, 47.6 g of 4, 4' -diaminodiphenyl ether (ODA) was added, 
followed by gentle stirring, giving 300.4 g of nylon salt 
5 monomer solution. This solution had a viscosity of 1.8 poise 
and a nonvolatile matter content of 36.3% by weight. To this 
solution, 16.5 g of acidic carbon black (pH 3.0, volatile 
matter 14.5%) and 140 g of organic polar solvent (NMP) were 
added, followed by primary dispersion using a ball mill. 

10 This solution had a viscosity of 5 poise; nonvolatile matter 
content of 27.5% by weight;. CB content in the nonvolatile 
matter of 12.3% by weight; mean particle diameter of carbon 
black of 0.47 |im; and maximum particle diameter of carbon 
black of 1.73 \m. Ten days later, the mean particle diameter 

15 and maximum particle diameter of the carbon black were 0.78 
|jun and 5.12 nm, respectively. It was confirmed that the 
carbon black particles had aggregated. 

Example D-3 (Preparation of a tubular pol vimide film by 

20 rotational molding) 

The solutions as prepared in Examples D-1 and D-2, 
Comparative Example D-1, and Reference Example D-1 were 
uniformly applied, in a width of 480 mm, to the inside of 
cylindrical metal molds with an outer diameter of 300 mm, 
25 inner diameter of 270 mm and length of 500 mm while rotating 
the metal mold at rotational speed of 100 rpra (10.5 rad/s) . 
The coating thickness was determined based on the nonvolatile 
matter content in such a manner as to obtain a polyimide belt 
thickness of 100 urn. The solution was heated to lOO'^C over 
30 60 minutes to evaporate the solvent. Thereafter, evaporation 
of the solvent at lOO'C was visually observed, and the time 
required to complete solvent evaporation was measured. 

Subsequently, the tubular article was placed in a high 
temperature heating furnace while adhered to the inside of 
35 the cylindrical metal mold. The temperature of the furnace 
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was increased to 320^C over 120 minutes, at which the furnace 
was heated for 60 minutes for polyimidization. After cooling 
to room temperature, the tubular polyimide film was removed 
from the metal mold. The measurement results are summarized 
in Table D-1, Note that the CB content in the tubular 
article and the thickness thereof are also shown in Table D-1, 
The surface resistivity (SR) was measured as follows. A 
sample 400 mm long was cut from the obtained tubular 
polyimide film and was measured using a resistivity meter, 
^^Hiresta IP-HR probe" manufactured by Mitsubishi Chemical 
Corporation at 12 points in total: three points in the width 
direction and four points in the vertical direction 
(circumference) at the same pitch. The averages of all the 
measured values are shown. The surface resistivity (SR) was 
measured while applying a voltage of 500 V, 10 seconds after 
beginning to apply the voltage. 



Table D-1 



Rlm-formalion 
solution 


Time required for 
evaporation of 
solvent 

{minutes) 


Surface condition 


Surface resistivity 
(Q/sq) 


CB content In the 
tubular article 
(% by weight) 


Thickness of the 
tubular article 
(urn) 


Ex. D-1 


45 


Fne 


2.5 k 10"* 


14.2 


94-102 


Ex. D-2 


60 


Fine 


5.0 k 10' 


8.1 


96-103 


Com. Ex. D-1 


170 


Fine 


2.0 X 10" 


15.6 


88-102 


Rel. Ex D-1 


110 


Aggregation of 
carbon bldCK 


2.0x10' 


12.3 


95-104 



According to the prior-art method (Comparative 
Example), the production efficiency is extremely low because 
the nonvolatile matter content in the film-formation starting 
material is low and considerable time is needed to evaporate 
the large amount of organic polar solvent. Moreover, in a 
film-formation method comprising a step of adding and 
dispersing CB in a monomer solution, etc., the reaction of 
the monomer solution proceeds due to heat produced by 
dispersion, which makes the solution condition unstable. 



EFFECTS OF THE INVENTION 
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The present invention can form a high-quality 
nonconductive or semi-conductive seamless (jointless) tubular 
poiyiraide film in a simple, efficient, and economical manner. 

More specifically, according to the first embodiment, 
a seamless tubular PI film can be directly obtained from a 
polyimide monomer starting material having a specific 
composition with a rotationally molding member. Moreover, 
considerable time can be saved compared with prior-art 
methods for producing seamless tubular PI films via polyamic 
acids. In addition, the productivity is improved by 
significantly rationalizing production control and a more 
stable and higher-quality tubular PI film can also be 
obtained. The seamless tubular PI film obtained can be used 
for various applications, and in particular, a semi- 
conductive seamless tubular film can be used more 
advantageously as an intermediate transfer belt in an 
electrophotographic system for use in a color printer, color 
copier, etc. 

The semi-conductive tubular PI film of the second 
embodiment has homogeneous electrical resistivity because it 
is formed using, as a film formation starting material, an 
aromatic amic acid oligomer obtained by polycondensation of a 
specific aromatic tetracarboxylic acid component and a 
specific aromatic diamine component. More specifically, the 
semi -conductive tubular PI film of the invention has 
excellent properties, such as less variation in surface and 
volume resistivities and small difference in surface 
resistivities (in terms of logarithm) between the front and 
rear surfaces. Moreover, the value obtained by subtracting 
volume resistivity in terms of log (LogVR) from surface 
resistivity in terms of log (LogSR) can be maintained as high 
as 1.0-3.0. Therefore, the semi-conductive tubular PI film 
of the invention can be advantageously used as an 
intermediate transfer belt for use in a color copier, etc., 
and electrically charging and/or electrically discharging can 
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be appropriately performed^ thereby achieving excellent image 
processing. 

Since the semi-conductive tubular PI film of the third 
embodiment has uniform electrical resistivity because it is 
5 formed using, as a film- formation starting material, a semi- 
conductive polyimide-based precursor composition obtained by 
uniformly dispersing carbon black in a mixed solution 
comprising a nylon salt monomer solution and a high- 
molecular-weight polyimide precursor solution or high- 

10 molecular-weight polyamideimide solution. Therefore, the 
semi-conductive tubular PI film of the invention has 
excellent properties, such as less variation in surface and 
volume resistivities and small difference in surface 
resistivities (in terms of logarithm) between the front and 

15 rear surfaces. Therefore, the semi-conductive tubular PI 
film of the invention can be suitably used as an intermediate 
transfer belt for use in a color copier, etc., and 
electrically charging and/or electrically discharging can be 
appropriately performed, thereby achieving excellent image 

20 processing. 

In the semi-conductive high-concentration PI precursor 
composition of the fourth embodiment, CB powder is uniformly 
dispersed and the storage stability of the uniform dispersion 
of CB powder is remarkably improved. An electrically 

25 conductive tubular PI film prepared by rotatipnally molding 
the semi-conductive PI precursor composition has an excellent 
electrical conductivity; extreme stability and uniform 
electrical resistivity in the thickness direction. More 
specifically, by the use of such film for an intermediate 

30 transfer belt in an electrophotographic system for use in a 
color printer, color copier, etc., electrically charging 
and/or electrically discharging can be appropriately 
performed, thereby achieving excellent image processing. The 
semi-conductive high-concentration PI precursor composition 

35 of the invention is prepared by dissolving the film-formation 



starting material monomers in the carbon black dispersion, 
thereby dramatically increasing the nonvolatile matter 
content to about 35 to about 60% by weight. Therefore, the 
semi-conductive high-concentration PI precursor composition 
of the invention can readily form a thick film. Moreover, 
the invention can reduce the amount of solvent required for 
film formation, thereby lowering solvent cost and 
facilitating evaporation to remove a solvent. 



